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1.0 INTRODUCTION

Eckenfelder/Brown and Caldwell has prepared this report to discuss the results of
additional groundwater sampling and analysis at the Randall Textron facility in Grenada,
Mississippi. As discussed during our March 24, 1998 meeting, 14 groundwater
monitoring wells (see Table 1-1) were sampled and analyzed for volatile organic
compounds (VOCs), total chromium, and hexavalent chromium. The groundwater data

were tabulated and comparisons were made with the previously collected data.

Additionally, six of the 14 monitoring wells were sampled and analyzed for
bioremediation parameters. These results were used to provide a limited evaluation of
the site for the possible use of intrinsic remediation as a remedial option. The evaluation
provides a combination of direct and indirect qualitative information. This evaluation,
though limited, provides a preliminary understanding of the intrinsic remediation
(monitored natural attenuation) process at the site, and could aid in the selection of
interim remedial actions. If intrinsic remediation is selected and recommended to MDEQ
as a component of a remedial alternative, a more detailed evaluation and report would

most likely be required by the MDEQ.

The primary objectives of the study were to assess current groundwater quality (VOC,
and chromium distributions); determine whether VOC and chromium concentrations are
increasing, decreasing, or remaining essentially constant; conduct a preliminary
evaluation of natural attenuation; and provide an indication of which remedial

technologies might be considered for the site.
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TABLE 1-1

MONITORING WELLS SAMPLED
MERITOR, GRENADA, MISSISSIPPI

Analysis
Well Total/Hexavalent Bioremediation
Name Chromium VOC's Parameters
MW-1 X X
MW-2 X X X
MW-4 X X
Dw-4 X X
MW-5 X X X
MW-6 X X
MW-10 X X X
MW-12 X X X
MW-14 X X X
MW-15 X X
MW-16 X X
MW-17 X X X
MW-23 X X
RT-5 X X




2.0 FIELD ACTIVITIES

During October 1998, 14 groundwater monitoring wells (see Table 1-1) were sampled
and analyzed for volatile organic compounds (VOCs), total chromium, and hexavalent
chromium. The groundwater data was tabulated and comparisons were made with the
previously collected data. Additionally, six of the 14 monitoring wells were sampled and
analyzed for bioremediation parameters (see Table 2-1). These results were used to
provide a limited evaluation of the site for the potential use of intrinsic remediation as a
component of a remedial alternative. Monitoring wells MW-3, MW-7 and MW-21 were
to be sampled as part of the proposed scope of work. Monitoring well MW-3 was found
to be dry. A considerable effort was made to locate MW-7, a flush-mounted well.
However, due to the overgrowth of the area the well could not be located. The area
adjacent to and around MW-21 has beerll recently logged. Due the amount of debris
associated with this, access to MW-21 was not obtained. Monitoring well MW-12 was

selected to replace MW-21.

Prior to groundwater sampling, all site monitoring wells and piezometers were measured
to determine the depths to groundwater. Wells were then purged such that a minimum of
three standing well volumes were removed. Clean latex gloves were donned before
purging each well, and changed before collecting each sample. A dedicated bailer or a
dedicated electric submersible pump with a polyethylene discharge tube was used to
purge the individual wells. All purging and sampling equipment (pumps, tubing, bailers)
was decontaminated prior to initial use by washing in phosphate-free detergent and triple
rinsing with deijonized, organic-free water. During purging, temperature, specific
conductance, and pH of the water were monitored and recorded. Groundwater samples
were collected when these parameters stabilized to within approximately plus or minus
10 percent of the two previous readings. This ensured that representative formation water
was introduced to the well bore. Purge water for each monitoring well were contained in

properly labeled DOT approved drums.
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TABLE 2-1

BIOPARAMETERS FOR EVALUATION OF INTRINSIC REMEDIATION

Electron Acceptors and By-Products

Dissolved Oxygen?
Nitrate/Nitrite
Manganese (total)
Manganese (II)*
Iron (total)

Iron (II)*

Sulfate

Sulfide®
Carbonate/Bicarbonate
Carbon Dioxide®
Methane

Other Degradation Parameters®

VOCs
Ethene/Ethane
Volatile Fatty Acids
Nutrients

Phosphate (total)
TKN

Ammonium
Nitrate/Nitrite

Geochemical Parameters

pH*

ORP (Eh)*
Temp.?
Conductivity®

“Field measurements.
®Includes electron donors, nutrients, and degradation byproducts.
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Samples were collected in containers supplied by the laboratory. Each sample was
appropriately preserved in the field depending upon analytical requirements. All samples
were stored on ice, at 4°C in coolers, and shipped to the ECKENFELDER INC.
laboratory in Nashville, Tennessee. Standard chain-of-custody procedures were adhered
to for sample transfer. Proper temperature control of the sample coolers was monitored
in the field and upon receipt in the laboratory by including temperature control blanks in

the sample coolers.
In addition to the sampling activities listed above, additional sample volumes were

collected from the six monitoring wells listed in Table 1-1 and analyzed for the

bioparameters listed in Table 2-1.
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3.0 GROUNDWATER QUALITY
3.1 VOLATILE ORGANIC COMPOUNDS

The results of chemical analyses are provided in Table 3-1 for VOCs. Table 3-2 shows
historic concentrations for TCE in selected wells. Laboratory reports and field data

sheets are presented in Appendix A.

The primary VOC constituents observed in groundwater were trichloroethene (TCE),
cis-1,2-dichloroethene (cis-1,2-DCE), and vinyl chloride. Toluene, ethylbenzene, and
xylenes were present in the sample collected from MW-2. Lesser concentrations of other
chlorinated organics including 1,1-dichloroethane (1,1-DCA), 1,1-dichloroethene
(l,l-ﬁCE) and trans-1,2-dichloroethene (trans-1,2-DCE) were present in low
concentrations in some wells. cis-1,2-DCE and vinyl chloride are the primary
degradation intermediates of TCE while 1,1-DCE and trans-1,2-DCE are minor
degradation products of TCE.

In general the groundwater quality has not changed significantly from the historical data.
High concentrations of TCE, cis-1,2-DCE, and vinyl chloride persist. Some details are
noteworthy. TCE concentrations in samples collected from MW-5, located near the
drainage ditch approximately 150 feet from the stream, have shown a steady increase as

follows:

Year TCE (ug/l)
1993 15,000
1996 51,000
1998 100,000

The adjacent well, MW-10, which is screened deeper, 42 feet BGS vs. 15 feet BGS for

MW-5, has continued to be only moderately impacted by TCE at 4 to 6.5 pg/L (all J
qualified).

WTNISYS\DAT A\proj\60380\ 1217 doc 3-1 January 1999



SiX'LOEON0BEaSVosdy b

an an an an an ar 081 aooro d 00001 86/9/01 AR
an ©oan an an an arti asé aooz 86/9/01 £T-MIN
an . an an an an arore a 008z d 000¢€1 86/9/01 LI-MIN
n n n n n 09€ a00LE a 0082 86/5/01 91-MIN
n n n n n r8L a 00€Z a 00zs 86/9/01 SI-MIN
an an an an an an a 00s a 00zl 86/9/01 PI-MIN
n n n n n n 061 (44 86/8/01 ZI-MN
an an an an an an an ars9 86/9/01 01-MIN
n [z n . g1 rog a 00081 d 00002 a 006z 86/5/01 9-MIW
an an an an an ar 00z a 0009€ d 00066 86/9/01 adng g-MIN
an an an an an ar 00z a 000LE a 000001  86/9/01 S-MI
44 n n [T6 n a oozl a 00§ d 00002 86/5/01 v-Ma
n rLs n 187 n a 00z¢ d 00091 aooLe 86/5/01 M
an an an an an a 0099 d 0000L1 aooooss  86/9/01 TMI
an an an an an a 00zl d 00029 an 86/9/01 I-MW
1/3n 1/En 1/En /80 1/8n /30 1/3n 1/8n SLINN

01 01 0l 01 0S 0z 01 0l 104

I I I I S z I I 1AW
suey apynsip aueyjour auazuag EI(OER apuoyd auatpe auayle aeq SweN |Iom

-oJo[yoig uoqle) -010]YoIp 1Autp -0Jo[yd21q -olojyou],
19 -owio1g -Z'1-s10

IddISSISSIA ‘VAVNIUD “YO.LIYAN
SOOA AILOALAA YO4 SLINSTd

: I .. I-€ 474V.L
- N A T A A D B A -

N
-
L
PSS
==
—
bt
=
uJ
-
{
Lol
-
L
[ ]
e



sIX'LOEONOBEOS\ o1\ b

an an an an an an an 86/9/01 ISAR
an an an an an aree an 86/9/01 ET-MIN
an an an an an an an 86/9/01 LI-MIN
n n rro n n 91 A 86/5/01 9I-MIN
n n [A| n n [zs 01 86/9/01 SI-MIN
an an an an an an an 86/9/01 PI-MIN
n n n n n n n 86/8/01 CI-MIN
an an an an an an an 86/9/01 0I-MIN
6S 091 n n €1 8¢ [A3 86/5/01 9-MIN
an an an an an an an 86/9/01 adng s-MIN
an an an an an ar ove an 86/9/01 S-MIN
r8e n 149 [y A n LT LE 86/S/01 -mda
142 4] [ss n 14! 8L 9¢ 86/5/01 MmN
aooci aooze ar o8 an ar ose an ar 0sc 86/9/01 T-MIN
an an an an ar o001 ar oLy an 86/9/01 I-MIN
/80 1/8n 1/3n 71/3n 1/3n 1/3n /80 SLINN
01 0l 01 01 0l ol 01 109
I I 1 I I I I TAW
(1e101) auanjo], auayla apuojyd auazuaq auayle auayle aeq aweN [lam
-ous[AY -010[Yyo ualAye -[Ang -010[Y2Iq -0Io[yoIg
-ena], -Z‘1-suen -1l
IddISSISSIN ‘VAVNAYD “YOLIMAN
SO0A AILOILAQ Y04 SL'INSAY
I-€ 4719VL -
alE N e ) @ R A A s am e 1 — 0 &3

o

e



SIX Z0£01\08E09\0A\ D

J[NSal pajewnss - [
‘panjip sem ajdwes - g
pajdures joN - SN

a 0001l a 0086 a 000°s1 d 006‘C d 000°09S
d 000°CI a 00s‘s a o€ 4 aooLc d 000zl a 006‘c ar 00008y
SN a 000°11 aool‘L a 08¢ f1s ar 0006 a 000°st ar 00s‘c d 000°069 £661
a 00082 a 000zl d 009‘c a 001’1 [y 091 a 000°‘ls a 009°‘c a 000‘ly 9661
a 0000z ao000‘cl aoos‘c a 00z't [$9 ao06c a 000°001 aooLs a 0000s9 8661
(7/3w) (1/3n) (1/8n) (7/3n) (1/8n) (71/3n) (1/3n) (1/3m) (1/8n)
y-Mmda L1-MIN 9I-MIN PI-MIN 0I-MIN 9-MIN S-MIN r-MIN AN pajdures tea g
IddISSISSIAL ‘VAVNIYD “YOLIYAN
NOSIIVJINOD NOLLVYINADNOD ANTHLIOYOTHONIL
7-€A149VL
) € ] ] A N - O AR Ow o e o ) G - W=

.
J



Monitoring well MW-14 is the furthest downgradient monitoring well, and is located
close to the where the drainage ditch discharges to the stream. The concentration of TCE
in the most recent sample was 1,200 pg/L compared to 1,100 pg/L in 1996 and 380 pg/L
in 1993.

Thus for the three wells located in the downgradient portion of the plume, TCE levels

appear to have increased in two wells, and remained constant in the least impacted well.

The highest concentrations of TCE is still found in MW-2 at 650,000 pg/L or
approximately one-half the solubility limit. DNAPL was observed at the base of MW-2.
TCE in the adjacent well, MW-17, remains essentially constant at approximately
12,000 pg/L. |

The concentration of TCE in MW-6 was approximately twenty times the concentration

reported in 1996 but similar to that reported in 1993.

TCE concentrations in wells MW-4, DW-4, MW-16 and MW-17 were virtually the same
in 1998 as in 1996 and in 1993 (except for DW-4, which was not sampled in 1993).

Overall, the TCE concentrations within the aquifer have remained fairly constant, the
apparent increase in TCE in MW-5 is noteworthy because the well is located near the
surface water discharge. The concentrations of cis-1,2-DCE and vinyl chloride also

substantially elevated in this well.

Concentrations of organic compounds that exceed one percent of their s.olubility limit are
considered potential indication of free phase organics or for TCE, the presence of
DNAPL. The solubility limit for TCE is 1,100 mg/L or 1,100,000 pg/L. For TCE
concentrations in groundwater exceeding 11,000 pg/L, one can anticipate the presence of
DNAPL at or upgradient to that location. The reported concentrations of TCE for wells
MW-2, MW5, DW-4, and MW-17 exceed 1 percent of the solubility limit for TCE

WTN\SYS\DATA\proj\s0380\1217.doc 3-2 January 1999
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suggesting the widespread occurrence of DNAPL. DNAPL was collected from well
MW-2 during this sampling event.

3.2 CHROMIUM ANALYSIS

The results of the chromium analyses are provided in Table 3-3. Also presented on this
table is a comparison to historic chromium concentrations collected during the 1993 RI.
Both total chromium and hexavalent chromium were collected from 14 monitoring wells.
Total chromium was detected in six of fourteen samples. The detected concentrations
ranged from 0.020 mg/L to 3.6 mg/L, with the highest concentrations observed in
samples from wells DW-4, MW-6, and RT-5. Total chromium concentrations were
observed to significantly increase as compared to the historic 1993 results in monitoring
wells MW-6, MW-15, MW-23, and RT-5. Hexavalent chromium was detected in three
samples. The detected ranged from 0.25 mg/L to 3.0 mg/L, with the highest results being
observed in DW-4 (3.0 mg/L) and RT-5 (1.4 mg/L). The concentrations are consistent
with those observed during the RI with the exception of RT-5, which showed an increase
from non-detection to 1.4 mg/L. No historical results are available for comparison for

DW-4. Laboratory reports and field data sheets are presented in Appendix A.
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TABLE 3-3

CHROMIUM RESULTS
MERITOR, GRENADA, MISSISSIPPI

Chromium Chromium Chromium Chromium
Well Name  Date Total (1998) Total (1993)  Hexavalent (1998) Hexavalent (1993)
mg/L mg/L mg/L mg/L

MW-1 10/06/98 U 0.0043 U U
MW-2 10/06/98 8] U U U
MWw-4 10/05/98 8] U U U
DwW-4 10/05/98 3.6 NA 3.0 NA

. MW-5 10/06/98 8] U U 8]
MW-5 Dupe 10/06/98 8] U U U
MW-6 10/05/98 2.3 0.011 U 8]
MW-10 10/06/98 U 8] U 8]
MW-14 10/06/98 8] 8] U 0.05/U
MW-15 10/05/98 0.040 0.005 U 8]
MW-16 10/05/98 0.020 0.062 U U/0.060
MW-17 10/06/98 U U U 8)
MW-12 10/08/98 U U 8] 8)
MW-23 10/06/98 0.43 0.200/0.293 0.25 0.210/0.279
RT-5 10/06/98 1.5 0.027 14 U

U - not detected

NA - not analyzed

Q \proj\60380M0303b xis



4.0 NATURAL ATTENUATION

As discussed in Appendix B, natural attenuation occurs as a result of several
mechanisms. Physical mechanisms such as dispersion, diffusion, and adsorption occur
within all aquifers resulting in dilution and retardation of the plume, but not in mass
removal. Degradation, including reductive dechlorination of TCE, occurs in most but not
all aquifers impacted by TCE. The EPA generally requires evidence of reductive
dechlorination when chlorinated solvents are present in order to accept monitored natural
attenuation as a component of a remedy. It is likely that monitored natural attenuation

would not be acceptable to EPA as the sole remedy.

The first and most significant indicator that natural attenuation is of environmental
benefit is whether the plume is expanding, relatively stable (dynamic equilibrium or
steady state), or receding. As discussed earlier, TCE concentrations have been relatively
constant since 1993 although concentrations of TCE observed in MW-5 appear to be

increasing and are four orders of magnitude greater than the MCL for TCE.

Further, MW-5 is close to the ditch and relatively close to the stream. It is probable that
VOCs are being discharged to the ditch and/or stream. Thus, while reductive
dechlorination is occurring and appears to convert a substantial amount of TCE to its

daughter products, it is probably not preventing discharge of VOCs to surface waters.

The most direct evidence of reductive dechlorination where TCE is the constituent
introduced into the aquifer is the presence of cis-1,2-DCE, vinyl chloride, and ethene
since these compounds would not have been directly introduced to the environment
except, potentially, as low-concentration impurities in TCE. At this site, cis-1,2-DCE
and vinyl chloride are present in most of the aquifer with the concentration of
cis-1,2-DCE exceeding that of TCE at some locations. Clearly, reductive dechlorination

occurs within the plant site aquifer.
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That reductive dechlorination occurs is not sufficient justification to employ monitored
natural attenuation. In fact, cis-1,2-DCE and vinyl chloride are more mobile than is TCE
and vinyl chloride is a known carcinogen. To be acceptable to EPA, natural attenuation
must prevent migration of all toxic components to receptors and prevent expansion of the

plume.

Evaluation of bioparameters according to the Air Force Center for Environmental
Excellence (AFCEE) as described in Appendices B and C provides additional support for
reductive dechlorination having occurred at the site. Furthermore, the evaluation of
bioparameter data provides an indication of the appropriateness of current site conditions

for continued natural attenuation.

The bioparameter data shown in Table 4-1 have been evaluated with respect to whether
the aquifer geochemistry provides evidence of ongoing reductive dechlorination. First,
the AFCEE protocol was used to rank the site as summarized in Table 4-2. Points are
awarded based either on values of certain parameters, or by comparisons of plume values
to background values. Well MW-12 was used as the background well, although it has
been impacted by low levels of VOCs. Well MW-21 was initially selected as a

background well, but was not accessible.

As shown in Table 4-3, the individual wells in the plume were scored resulting in totals
ranging from 6 to 20 points. Table 4-4 shows the interpretation guide from the AFCEE
protocol. The interpretation of the evidence for reductive dechlorination is considered

strong for MW-17; adequate for MW-2 and MW-5; and limited for MW-10 and MW-14.

Since one or more wells provided strong evidence of reductive dechlorination, the

guidance suggests that further evaluation of natural attenuation is warranted.
Typically, fate and transport modeling could be conducted for the site. However, it would

be difficult to apply a fate and transport model with the existing site data because of the

limited number of wells located along the same flow path. This is evident by considering
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TABLE 4-4

INTERPRETATION OF POINTS AWARDED DURING
SCREENING PROCESS FOR NATURAL ATTENUATION*®

Score Interpretation

Oto5 Inadequate evidence for biodegradation of chlorinated organics
6to 14 Limited evidence for biodegradation of chlorinated organics
15t020 Adequate evidence for biodegradation of chlorinated organics
>20 Strong evidence for biodegradation of chlorinated organics

*Refer to AFCEE Proposed Protocol for Natural Attenuation in Appendix B.

F:\DATA\proj\60380\t0404.doc

Page 1 of 1
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the TCE concentrations in MW-2, MW-5, and MW-14, which are 650,000 pg/L,
100,000 pg/L, and 1,200 pg/L, respectively.  The relative difference in TCE

concentrations in MW-5 and MW-14 is too large for these two wells to be on the same

flow path.

We have performed a few simple calculations that provide an extremely rough estimate
of apparent attenuation and degradation rates based on MW-2 and MW-5, being perhaps,
on or close to the same flow path. These only serve as a crude indication of whether the
apparent changes in TCE concentrations along a flow path are consistent with the range
of degradation rates observed at other sites. Where the answer is yes, it does not preclude

other mechanisms.

The crude apparent attenuation rates due to all mechanisms were obtained by application

of the following formulas:

%:kt (Eq. 1)
where:
C = concentration at time t [M/L’]
k = overall attenuation rate (first-order rate constant) [1/T]
Solving this differential equation yields:
C=Cpe™

The contribution to the apparent attenuation rate due to degradation is calculated by
accounting for the effects of dispersion and retardation using the following equation.

This assumes a first order decay process.

WTN\SYS\DATA\proj60380v1217.doc 4-3 January 1999
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A= [1+2ax[£)] -1 (Eq.2)
4o, \A
where:

A = first-order biological decay rate
Ve = retarded contaminant velocity in the x-direction
Olx = dispersivity
k/vx = slope of line formed by making a log-linear plot of contaminant

concentration versus distance downgradient along the flow path

The first column in Table 4-5 indicates the well pairs, the second and third columns are
the apparent attenuation rates based on all mechanisms, and the fourth and fifth columns

are the apparent contribution to attenuation resulting from degradation.

The apparent attenuation rates are due largely to degradation (presumably reductive
dechlorination) as seen by comparing column 5 to column 3. The estimated degradation
rate for the MW-2/MW-5 pair is 0.80 years™, equivalent to a half-life of 0.87 years. This

is about the average observed at other sites.

In summary, the qualitative observations, the AFCEE protocol ranking results, and the
rough attenuation rate calculations are consistent with reductive dechlorination occurring
at the site. These observations are also consistent with the on-going discharge of VOC

impacted groundwater to the stream.
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5.0 IMPLICATIONS FOR REMEDIATION

The site data suggest on-going reductive dechlorination, which that requires reducing
conditions. Both TCE and its degradation products and chromium (VI) are present in
groundwater. DNAPL is present in the vicinity of MW-2 and, possibly, in other
locations. Remediation at the site should, ideally, address the plume(s), but also the

source areas.

Complete remediation of DNAPL is difficult to achieve as some residual DNAPL is
likely to remain and serve as a continuing source of impact to groundwater. However, in
situ remediation techniques that could be considered for addressing DNAPL include
surfactant flushing, chemical oxidation (e.g., permanganate), and in-situ thermal

enhanced extraction.

Since reducing conditions exist within the plume and since TCE, its daughter products,
and chromium (III) can be addressed by a number of processes that generate and rely on
reducing conditions, these types of remediation technologies should receive serious
consideration for addressing the plume. These technologies include addition of readily
degraded organic matter (electron donors) such as lactic acid, molasses, or a hydrogen
source; addition of sodium dithionite solution; and mixing of fine iron particles into the
soil matrix. Natural attenuation of portions of the plume is particularly compatible with

these technologies.
Evaluation of a remedy for the site should also take into account the potential

decommissioning of the sludge lagoon. A feasibility study is needed to evaluate remedial

options and develop a site strategy.

WINISYS\DATA\proj\60380\1217.doc 5-1 January 1999



APPENDIX A
LABORATORY REPORTS
AND FIELD DATA SHEETS
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ECKENFELDER INC.

Client: Meritor #60380
Date Sampled: 10/06/98
Date Received: 10/07/98
Date Reported: 10/21/1998

| ECKENFELDER SAMPLE NUMBER

I
I

| | M.BLANK | M.BLANK | M.BLANK | Trip Blank| RT-5 | MwW-23 |
| CLIENT SAMPLE DESCRIPTION | | | | #1117 | | |
[ | | I I I I |
R e e -emeeeeee |--ommemes R |--ommeenees =meemmennnn -emmmmemnes |
| VOLATILE ORGANICS | | | | | | | so  x(1)] 2.0 x(1]
| BY USEPA METHOD 8260 |] MDL | EQL | CONC | conc | conc | conc |  conc | conc |
[ R R R e R R |
| Acetone | s.0o | s0 | u | U | u | u | U D| u D|
| Benzene | 1.0 | 10 | u | u | u | u | u D| U D|
| Bromodichloromethane | 1.0 | 10 | u | u | U ] U ] u D| u D|
| Bromoform | 1.0 | 10 | U | U | u | U | U D| u D|
| Bromomethane | 2.0 | 20 | u ] u | u | U | u D| u D|
| 2-Butanone | 10 | 100 | u | u | U | u | U D| u Dj
| Carbon disulfide | 1.0 | 10 | u | u | u | U | U D| u D|
| Carbon tetrachloride ] 1.0 | 10 | u ] U | u | u | u D| U D|
| Chlorobenzene | 1.0 | 10 | u | u | u | U | u D| U D|
| Chloroethane | 2.0 | 20 | U | u | u | u | u D] i D|
| Chloroform | 2.0 | 10 | v | u ] u | u | u D| Y] D|
| Chloromethane | 2.0 | 20 | U | u | u | u | u D| U Dj
| Dibromochloromethane | 1.0 | 10 | U | U | u | u | u D u Dj
| 1,1-Dichloroethane | 1.0 | 10 | U | U | u | u | u D U Dj
| 1,2-Dichloroethane | 1.0 | 10 | u | u | u | u | u D| u Dj
| 1,1-Dichloroethene | 1.0 | 10 | u | U ] U | u | u D} u D|
| cis-1,2-Dichloroethene | 1.0 | 10 | u | U | u | U | 6100 D| 95 D|
| trans-1,2-Dichloroethene | 1.0 | 10 | u | u | U | U | U p| 3.3 Jp|
| 1,2-Dichloropropane | 1.0 | 10 | u | U | u | uU | U D| u D|
|  cis-1,3-Dichloropropene | 2.0 | 10 | u i U | u | U | u D| u D|
| trans-1,3-Dichloropropene | 1.0 | 10 | u | U | u | u | u D| U p|
| Ethylbenzene | 1.0 | 10 | U | U | u | u | U D| U D|
| 2-Hexanone | 2.0 | 20 | u | u | u | U | u D| u D|
| Methylene chloride | 1.0 | 10 | U | u | u | u | u D| u D|
| 4-Methyl-2-pentanone | 2.0 | 20 | u | U | u ] u | u D| u D|
| Styrene | 1.0 | 10 | u | U |© U | u | u D| U D|
| 1,1,2,2-Tetrachloroethane | 1.0 | 10 | u | u | U | U | u D| U D|
| Tetrachloroethene | 1.0 | 10 | U | u | U | u | U D| v D|
| Toluene | 1.0 | 10 | u ] u | U | U | u D| u D|
| 1,1,1-Trichloroethane | 1.0 | 10 | u | v | u | U | u D| u D|
| 1,1,2-Trichloroethane | 1.0 | 10 | u | u | U | u | U D| u D|
| Trichloroethene } 1.0 | 10 | u | u | u | u | 10000 D| 200 D|
| Vinyl chloride | 2.0 | 20 | u | U ] U | U ] 180 Jp| 11 Jp|
| Xylene (total) ] 1.0 | 10 | u | U | U | u | U D| U D|
|

ALL COMPOUNDS EXPRESSED IN MICROGRAMS/LITER UNLESS OTHERWISE NOTED.
SEE ATTACHED PAGE FOR DEFINITIONS OF TERMS AND QUALIFIERS.

(1) = SAMPLES WERE DILUTED BY THE NUMERICAL VALUE DISPLAYED.
DETECTION LIMITS SHOULD INCREASE BY THE SAME FACTOR.

227 French Landing Drive
Nashville, Tennessee 37228
615.255.2288
FAX 615.256.8332
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ECKENFELDER INC.®
Client: Meritor #60380 .
Date Sampled: 10/06/98
Date Received: 10/07/98
Date Reported: 10/21/1998
| ECKENFELDER SAMPLE NUMBER | 9810048-04D|9810048-04D|9810048-05D|9810048-06D|9810048-06D|9810048-07D|
R e e EESEREREE R R |-ommmnnes |-ommeeeees omnmmmmees |
| MW-1 MW-1 MW-14 MH-2 MW-2 MW-5 ]

50 X(1)| s00 Xx(1)] 10 X(1)| so x(1)| 5000 X(1)| S0 X(1)]|

| VOLATILE ORGANICS | |

I

I

|

I

|

|
| BY USEPA METHOD 8260 | MDL | EQL | CONC | conc | conc |  coNc | conc | coNc |
| =mm e R |-mroeeeenes |-eemmmenes R R |-o-enmmnnnn |
| Acetone ] s.0 | so | u D| u D] u D| u D| U D| u D|
| Benzene | 1.0 | 10 | U p| u D] u D} U D} u D| u D|
| Bromodichloromethane | 1.0 | 10 | u D| U D| u D| u D| u D| u D|
| Bromoform | 2.0 | 10 | u D| u D| u D| u D| U D| U D|
| Bromomethane | 2.0 | 20 | u D| U D| u D| u D| U D| U D|
| 2-Butanone | 10 | 100 | u D| u D| u D| u DJ u D] u D|
| Carbon disulfide ] 1.0 | 10 | u D| U p| u D| u D| U D| u D|
| Carbon tetrachloride | 1.0 | 10 | U D| u D| U D| U D| U D| U Dj
| Chlorobenzene | 1.0 | 10 | u D U D| u D| u D| u D| u D
| Chloroethane | 2.0 | 20 | u ol| u D| U D| u D| u D| u D|
| Chloroform | 1.0 | 10 | u D| U D| U D| u D| U D| u D|
| Chloromethane | 2.0 | 20 | u D| U D| U D| u D| U D| u D|
| Dibromochloromethane | 2.0 | 10 | u D u D| u D| U D| U D| u D
| 1,1-Dichloroethane | 1.0 | 10 | u D| u D| U D| U D| U D| u D|
| 1,2-Dichloroethane | 1.0 | 10 | U D| u D| 14 D| u D| U D| u D|
| 1,1-Dichloroethene | 1.0 | 10 | u D| u D| u p| 250 JD| u D| u D|
| cis-1,2-Dichloroethene | 1.0 | 10 | 64000 DE| 62000 D| 500 D| 130000 DE| 170000 D] 37000 D]
| trans-1,2-Dichloroethene | 1.0 | 10 | 470 Jp| 570 JD| u Dj u D| u D| 240 JD|
] 1,2-Dichloropropane | 1.0 | 10 | u D| u D| U D| u D| U Dj U D}
|  cis-1,3-Dichloropropene | 1.0 | 10 | U D| u D| U D| U D| u D| u D|
| trans-1,3-Dichloropropene | 1.0 | 10 | u D| U D U D| u D| u D| U D|
| Ethylbenzene | 1.0 | 10 | 100 JD] u D| U p| 380 Jp| u D| U D|
| 2-Hexanone | 2.0 | 20 | U D| u D| U D| u D| u D| U D|
| Methylene chloride | 1.0 | 10 | U Dj U D| U D| U D| U D| 9] D|
| 4-Methyl-2-pentanone | 2.0 | 20 | U D u D| u D| u D| u D| u D|
| Styrene | 1.0 | 10 | u D| U D| U D| U D| u D| u D|
| 1,1,2,2-Tetrachloroethane | 1.0 | 10 | u D| U D| U D| u D| u Dj u D]
| Tetrachloroethene | 1.0 | 10 | U D| U Dj u D| 80 JD| u D| U D|
| Toluene | 1.0 | 10 | u D| u Dj U D| 2200 D| u D| u D|
| 1,1,1-Trichloroethane 1.0 | 10 | U D| u D| u D| U D| u D| u D|
| 1,1,2-Trichloroethane | 1.0 | 10 | u D| u D u D| U D| u D| u D|
| Trichloroethene | 1.0 | 10 | u D| u D| 1200 D| 490000 DE| 650000% D| 99000 DE|
| Vinyl chloride | 2.0 | 20 | 1200 D| 1300 JD| U D| 6600 D| u D| 200 JD|
| Xylene (total) | 1.0 | 10 | u D| U o] U D| 1200 D| u D] U D]
|

ALL COMPOUNDS EXPRESSED IN MICROGRAMS/LITER UNLESS OTHERWISE NOTED.

SEE ATTACHED PAGE FOR DEFINITIONS OF TERMS AND QUALIFIERS.

(1) = SAMPLES WERE DILUTED BY THE NUMERICAL VALUE DISPLAYED.
DETECTION LIMITS SHOULD INCREASE BY THE SAME FACTOR.

* = DILUTION VOLUME HAD TO BE TAKEN FROM A PREVIOUSLY OPENED VIAL.
RESULTS SHOULD BE CONSIDERED AS ESTIMATED.



ECKENFELDER INC.®

Client: Meritor #60380
Date Sampled: 10/06/98
Date Received: 10/07/98
Date Reported: 10/21/1998

| ECKENFELDER SAMPLE NUMBER |9810048-07D|9810048-08D|9810048-09D|9810048-11 |9810048-12 |9810048-13D|
fomm e s femrmmmmomm- R e R i R ki [--==-mmmnen femmmmmen- |
| |  Mu-5 | Mw-20 | MW-17 | EB-1 | Trip Blank| MW-5 Dupe |
| CLIENT SAMPLE DESCRIPTION | | | | | #1118 | |
| | | ! | I | |
[ | -emmmmmeeee |-=mmmmenees [-ommmmmees R R |-meemmmn2e]
| VOLATILE ORGANICS | | | soo x(1)|] 2.0 X(1)|] so0 x(1)| | | so x(1)|
| BY USEPA METHOD 8260 | ML | EQL | CONC | conc | coNc | conc | conc | coNc |
[ R |--mmemmnen R s e |---mmmeee |
| Acetone | s.0 | so | u D| U D| u D| u | U | u D]
| Benzene | 1.0 | 10 | u D| u o] u Dj u | u ] u D
| Bromodichloromethane ] 1.0 | 10 | u D| u D] U D| u | u | u D|
| Bromoform | 1.0 | 10 | u D| U D| U D| U ] u | U D|
| Bromomethane | 2.0 | 20 | u D| u D| u D| U | u | U D|
| 2-Butanone | 10 | 100 | u D| U D| u D| U | U | U D|
| Carbon disulfide | 1.0 | 110 | u D| u D| u D| u | u | u D|
| Carbon tetrachloride | 1.0 | 10 | u p| u D| U D| u | U | u D|
| Chlorobenzene | 1.0 |} 10 | u D| U D| u D| u | U | u D|
| Chloroethane | 2.0 | 20 | U D| u D| v D| u | u | u D|
| Chloroform | 1.0 | 10 | u D| U D| U D| U | u | u D|
| Chloromethane | 2.0 | 20 | u D| u D| U D| u | U | u D|
| Dibromochloromethane | 1.0 | 10 | u D| u D| u Dj U | u | U Dj
| 1,1-Dichloroethane | 1.0 | 10 | u D| u D| u o] u | u | u D|
| 1,2-Dichloroethane | 1.0 | 10 | U D| u D| u D| U | U | U D|
| 1,1-Dichloroethene | 1.0 | 10 | U D| U D| u D| u | u | U D|
| cis-1,2-Dichloroethene ] 1.0 | 10 | 40000 D| u D| 2800 D| u | u | 42000 DE|
| trans-1,2-Dichloroethene | 1.0 | 10 | U D| u D| U D| v | u | u D|
| 1,2-Dichloropropane | 2.0 | 10 | U D| u D| u D| u | U ] U D|
| cis-1,3-Dichloropropene | 1.0 | 10 | U D| U D| U D| u | U | U D|
| trans-1,3-bichloropropene | 1.0 | 10 | u D| U D| U D| u | U | U D|
| Ethylbenzene | 1.0 | 10 | u D| u D| u D| u | U | U D|
| 2-Hexanone | 2.0 | 20 | u D| u D| u D| u i U | u D|
| Methylene chloride | 1.0 | 10 | U D| u D| U D| u | u | u D|
| 4-Methyl-2-pentanone | 2.0 | 20 | u D| u D| U D| U | U | U D|
| Styrene | 2.0 | 10 | U D| u D| U D| U | U | U D|
| 1,1,2,2-Tetrachloroethane | 1.0 | 10 | u D u D| u D| u | u | u D|
| Tetrachloroethene | 1.0 | 10 | U D| U D| u D| 4] ] u | U D|
| Toluene ] 1.0 | 10 | u D| U D| u D| u | U | u D]
| 1,1,1-Trichloroethane | 1.0 | 10 | U D| u Dj U D| u | U | u D|
| 1,1,2-Trichloroethane | 1.0 | 10 | U D u D| U D| U | U | u D|
| Trichloroethene | 1.0 | 10 | 100000 Dj 6.5 JD| 13000 D u | u | 100000 DE]
| Vinyl chloride | 2.0 | 20 | u D| U D] 310 JD| U | U | 200 JD|
] Xylene(total) | 1.0 | 10 | u D| U D] U D| u | u | u D]
|

ALL COMPOUNDS EXPRESSED IN MICROGRAMS/LITER UNLESS OTHERWISE NOTED.

SEE ATTACHED PAGE FOR DEFINITIONS OF TERMS AND QUALIFIERS.

(1) = SAMPLES WERE DILUTED BY THE NUMERICAL VALUE DISPLAYED.
DETECTION LIMITS SHOULD INCREASE BY THE SAME FACTOR.



L/ Client: Meritor #60380

Date Sampled: 10/06/98
m Date Received: 10/07/98 ECKENFELDER INC.®

Date Reported: 10/21/1998

| ECKENFELDER SAMPLE NUMBER |9810048-13D|

MW-5 Dupe |

I
|
!
|
I
I VOLATILE ORGANICS ] | | so00 Xx(1)}
| BY USEPA METHOD 8260 | ML | EQL | CONC |
R |-oemmmmmeee !
I | Acetone | s.o | so | u D|
- | Benzene ] 1.0 | 10 | U D|
| Bromodichloromethane | 1.0 | 10 | u D|
""" | Bromoform | 1.0 | 10 | u p|
:‘ | Bromomethane | 2.0 | 20 | U D|
3= | 2-Butanone | 0 | 100 | U D|
e | Carbon disulfide | 1.0 | 10 | u D|
| | Carbon tetrachloride | 1.0 | 10 | U D|
_,} | Chlorobenzene | 1.0 | 10 | U D
’ | Chloroethane | 2.0 | 20 | u D|
5 l Chloroform | 1.0 | 10 | U D|
‘ | Chloromethane i 2.0 | 20 | u D|
L | Dibromochloromethane | 1.0 | 10 | u D|
| 1,1-Dichloroethane | 1.0 | 10 | u D|
P | 1,2-Dichloroethane | 1.0 | 10 | u D|
| 1,1-Dichloroethene | 1.0 | 10 | u D]
| cis-1,2-Dichloroethene | 1.0 | 10 | 36000* DJ
o | trans-1,2-Dichloroethene | 1.0 | 10 | u D|
[ | | 1,2-Dichloropropane | 1.0 | 10 ] U D|
\ | cis-1,3-Dichloropropene | 1.0 | 10 | U D|
A | trans-1,3-Dichloropropene | 1.0 | 10 | U D|
ra | Ethylbenzene | 1.0 | 10 | u D}
i | 2-Hexanone | 2.0 | 20 | u D|
| Methylene chloride | 1.0 | 10 | U D|
| 4-Methyl-2-pentanone | 2.0 | 20 | u D|
= | Styrene | 1.0 | 10 | u Dj
‘ | 1,1,2,2-Tetrachloroethane | 1.0 | 10 | U D|
| Tetrachloroethene ] 1.0 | 10 | U D|
| Toluene | 1.0 | 10 | u D|
. i 1,1,1-Trichloroethane | 1.0 | 10 | u D}
\ | 1,1,2-Trichloroethane } 1.0 | 10 | u D|
-~ ] Trichloroethene | 1.0 | 10 | 99000* D
- | Vinyl chloride | 2.0 | 20 | u D|
i i Xylene (total) | 1.0 | 10 | U D|
. ! |
ALL COMPOUNDS EXPRESSED IN MICROGRAMS/LITER UNLESS OTHERWISE NOTED.
SEE ATTACHED PAGE FOR DEFINITIONS OF TERMS AND QUALIFIERS.
(1) = SAMPLES WERE DILUTED BY THE NUMERICAL VALUE DISPLAYED.

A, DETECTION LIMITS SHOULD INCREASE BY THE SAME FACTOR.

* = DILUTION VOLUME HAD TO BE TAKEN FROM A PREVIOUSLY OPENED VIAL.
RESULTS SHOULD BE CONSIDERED AS ESTIMATED.

“  ECKENFELDER ZNC.
D. RICK DAVIS
5 VICE PRESIDENT/ANALYTICAL & TESTING SERVICES
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MDL:

EQL:

ANALYTICAL REPORT TERMS AND QUALIFIERS (ORGANIC)

The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with
99% confidence that the analyte concentration is greater than zero. The
MDL is determined from analysis of a sample containing the analyte in a
given matrix.

The estimated quantitation limit (EQL) is defined as the estimated
concentration above which quantitative results can be obtained with a
specific degree of confidence. ECKENFELDER INC. defines the EQL to
be ten times the MDL.

The presence of a "U" indicates that the analyte was analyzed for but
was not detected or the concentration of the analyte quantitated below
the MDL.

The presence of a "B" to the right of an analytical value indicates that
this compound was also detected in the method blank and the data
should be interpreted with caution. One should consider the possibility
that the correct sample result might be less than the reported result and,
perhaps, zero.

When a sample (or sample extract) is rerun diluted because one of the
compound concentrations exceeded the highest concentration range for
the standard curve, all of the values obtained in the dilution run will be
flagged with a "D".

The concentration for any compound found which exceeds the highest
concentration level on the standard curve for that compound will be
flagged with an "E". Usually the sample will be rerun at a dilution to
quantitate the flagged compound.

The presence of a "J" to the right of an analytical result indicates that the
reported result is estimated. The mass spectral data pass the
identification criteria showing that the compound is present, but the
calculated result is less than the EQL. One should feel confident that
the result is greater than zero and less than the EQL.

L:\REPORTS\ART&Q.DOC
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CLIENT: Meritor #60380
DATE RECEIVED: 10/07/98
DATE REPORTED: 10/23/98

=

o

ECKENFELDER INC.

ECKENFELDER SAMPLE NUMBER 9810048-02 | 9810048-03 | 9810048-04
CLIENT SAMPLE DESCRIPTION/SAMPLING DATE RT-5 MW-23 MW-1
10/6/98 10/6/98 10/6/98
10:50:00 AM | 11:35:00 AM | 12:50:00 PM
REPORTING | USEPA
ANALYTES LIMITS METHOD | UNITS CONC CONC CONC
Chromium, Total 0.0050 6010B mg/L 15 0.43 U
Chromium, Hexavalent 0.13 7196A mg/L 14 0.25 u

SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS

227 French Landing Drive
Nashville, Tennessee 37228

615.255.2288
FAX 615.256.8332
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CLIENT: Meritor #60380

DATE RECEIVED: 10/07/98
DATE REPORTED: 10/23/98

ECKENFELDER INC.®

ECKENFELDER SAMPLE NUMBER

IENT SAMPLE DSCRIPTION/SAPLING DATE

9810048-05

MW-14

9810048-06

MW-2

10/6/98 10/6/98
1:35:00 PM | 2:24:00 PM
REPORTING USEPA
ANALYTES LIMITS METHOD UNITS CONC CONC
Chromium, Total 0.0050 6010B mg/L U U
Chromium, Hexavalent 0.025 7196A mg/L ) U
Iron 0.10 6010B mg/L U 4.0
Manganese 0.0010 6010B mg/L 0.0020 U
Alkalinity, Bicarbonate (as CaCO3) 1.0 2320B** mg/L 41 64
Alkalinity, Carbonate (as CaCO3) 1.0 2320B** mg/L U U
Ammonia (as N), Non-Distilled 0.10 350.3 mg/L ] 0.13
Nitrate+ Nitrite (as N) 0.10 353.2 mg/L U U
Phosphorus, Total (as P) 0.020 365.2 mg/L 0.066 0.10
Sulfate 1.0 9038 mg/L 18 36
TKN 0.20 351.2 mg/L U 0.48
Volatile Fatty Acids (9) 2.0 5560C** mg/L U 24

SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS
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ECKENFELDER INC.®

CLIENT: Meritor #60380
DATE RECEIVED: 10/07/98
DATE REPORTED: 10/23/98

ECKENFELDER SAMPLE NUMBER 9810048-07
CLIENT SAMPLE DESCRIPTION/SAMPLING DATE MW-5
10/6/98
1:35:00 PM
REPORTING USEPA
ANALYTES LIMITS METHOD UNITS CONC
Chromium, Total 0.0050 6010B mg/L U
Chromium, Hexavalent 0.025 7196A mg/L U
Iron 0.10 6010B mg/L U
Manganese 0.0010 60108B mg/L 0.16
Alkalinity, Bicarbonate (as CaCO3) 1.0 2320B** mg/L 40
Alkalinity, Carbonate (as CaCO3) 1.0 2320B** mg/L U
Ammonia (as N), Non-Distilled 0.10 350.3 mg/L U
Nitrate+ Nitrite (as N) 0.10 353.2 mg/L U
Phosphorus, Total (as P) 0.020 365.2 mg/L 0.033
Sulfate 2.0 9038 mg/L 55
TKN 0.20 351.2 mg/L U
Volatile Fatty Acids (9) 2.0 5560C* * mg/L 14

SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS




ECKENFELDER INC.®

CLIENT: Meritor #60380

DATE RECEIVED: 10/07/98
DATE REPORTED: 10/23/98

ECKENFELDER SAMPLE NUMBER 9810048-08
CLIENT SAMPLE DESCRIPTION/SAMPLING DATE MwW-10
10/6/98
12:45:00 PM
REPORTING USEPA
ANALYTES LIMITS METHOD UNITS CONC
Chromium, Total 0.0050 6010B mg/L U
Chromium, Hexavalent 0.025 7196A mg/L U
Iron 0.10 6010B mg/L 1.6
Manganese 0.0010 6010B mg/L 0.30
Alkalinity, Bicarbonate (as CaCO3) 1.0 2320B** mg/L 56
Alkalinity, Carbonate (as CaCO3) 1.0 2320B** mg/L U
Ammonia (as N), Non-Distilled 0.10 350.3 mg/L 0.11
Nitrate+ Nitrite (as N) 0.10 353.2 mg/L U
Phosphorus, Total (as P) 0.020 365.2 mg/L 0.058
Sulfate 1.0 9038 mg/L 21
TKN 0.20 351.2 mg/L u
Volatile Fatty Acids (9) 2.0 5560C** mg/L 5.8

SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS
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ECKENFELDER INC.®

CLIENT: Meritor #60380

DATE RECEIVED: 10/07/98
DATE REPORTED: 10/23/98

ECKENFELDER SAMPLE NUMBER 9810048-09
CLIENT SAMPLE DESCRIPTION/SAMPLING DATE MW-17
10/6/98
3:00:00 PM
REPORTING USEPA
ANALYTES LIMITS METHOD UNITS CONC
Chromium, Total 0.0050 6010B mg/L u
Chromium, Hexavalent 0.025 7196A mg/L U
Iron 0.10 6010B mg/L 5.2
Manganese 0.0010 6010B mg/L 0.32
Alkalinity, Bicarbonate (as CaCO3) 1.0 2320B** mg/L 60
Alkalinity, Carbonate {as CaCO3) 1.0 2320B** mg/L U
Ammonia (as N), Non-Distilled 0.10 350.3 mg/L 0.17
Nitrate+ Nitrite (as N) 0.10 353.2 mg/L U
Phosphorus, Total (as P) 0.020 365.2 mg/L 0.10
Sulfate 4.0 9038 mg/L 87
TKN 0.20 351.2 mg/L u
Volatile Fatty Acids (9) 20 5560C** mg/L 2.9

SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS




ECKENFELDER INC.®

CLIENT: Meritor #60380

DATE RECEIVED: 10/07/98
DATE REPORTED: 10/23/98

ECKENFELDER SAMPLE NUMBER

CLIENT SAMPLE DESCRIPTION/SAMPLING DATE

9810048-11

10/6/98
5:50:00 PM
REPORTING USEPA
ANALYTES LIMITS METHOD UNITS CONC
Chromium, Total 0.0050 6010B mg/L U
Chromium, Hexavalent 0.025 7196A mg/L U
Iron 0.10 6010B mg/L u
Manganese 0.0010 6010B mg/L U
Alkalinity, Bicarbonate (as CaCO3) 1.0 2320B** mg/L U
Alkalinity, Carbonate (as CaCO3) 1.0 2320B** mg/L U
Ammonia (as N), Non-Distilled 0.10 350.3 mg/L U
Nitrate+ Nitrite (as N) 0.10 353.2 mg/L U
Phosphorus, Total (as P) 0.010 365.2 mg/L U
Suifate 1.0 9038 mg/L U
TKN 0.20 351.2 mg/L u
Volatile Fatty Acids (9) 2.0 5560C** mg/L 29

SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS




ECKENFELDER INC.®

CLIENT: Meritor #60380
DATE RECEIVED: 10/07/98
DATE REPORTED: 10/23/98

ECKENFELDER SAMPLE NUMBER

9810048-13

CLIENT SAMPLE DESCRIPTION/SAMPLING DATE MW-5 Dupe
10/6/98
12:00:00 PM
REPORTING USEPA
ANALYTES LIMITS METHOD UNITS CONC
Chromium, Total 0.0050 6010B mg/L U
Chromium, Hexavalent 0.025 7196A mg/L 8]
Iron 0.10 6010B mg/L U
Manganese 0.0010 6010B mg/L 0.15
Alkalinity, Bicarbonate (as CaCO3) 1.0 2320B** mg/L 35
Alkalinity, Carbonate (as CaCO3) 1.0 2320B* mg/L U
Ammonia (as N), Non-Distilled 0.10 350.3 mg/L U
Nitrate+ Nitrite (as N) 0.10 353.2 mg/L U
Phosphorus, Total (as P) 0.020 365.2 mg/L 0.028
Sulfate 2.0 9038 mg/L 53
TKN 0.20 351.2 mg/L u
Volatile Fatty Acids (9) 20 5560C** mg/L 7.5

SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS

ECKENFELDER INC.

D. RICK DAVIS

VICE PRESIDENT/ANALYTICAL & TESTING SERVICES
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ANALYTICAL REPORT NOTES, TERMS AND QUALIFIERS (INORGANIC)

Notes:

The metals and cyanide reporting limits (RLs) have been statistically determined to be no
less than 3 standard deviations as defined in 40 CFR 136, Appendix B, Revision 1.11. All
other reporting limits are referenced from the specific analytical method.

Terms:
NA

NR

U

Not Applicable
Not Requested

Below Reporting Limits

Qualifiers:

B The reported value is less than the practical quantitation limit (PQL, project
defined) but greater than or equal to the RL.

E The reported value is estimated due to the presence of matrix interference.

N Predigested spike recovery not within control limits.

A Post digestion spike recovery not within control limits.

* RPD or absolute difference for Duplicate analysis not within control limits.

*H Reference Standard Methods 17th edition.

(1) pH analyzed outside USEPA specified holding time. pH must be measured
immediately after sample collection.

2) The sample pH did not meet the preservation guidelines. Therefore the pH was
adjusted upon receipt.

3) The sample had to be diluted because of matrix interferences.

) Reference Standard Methods 17th edition for the distillation method.

5) The sample was analyzed out of the USEPA holding time.

(6) The sample was received in the laboratory out of the USEPA holding time.

W) 'II‘IE% shipping cooler temperature exceeded 6°C upon receipt to ECKENFELDER

(8) When the concentration of the analyte is below the detection limit, the detection
limit must be divided by the %Solids (in decimal form) in order to obtain the
sample's true detection limit on a dry weight basis.

(9) Analysis was subcontracted

L:\REPORTS\ART&QIN2.DOC
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ECKENFELDER INC.

Client: Meritor #60380

Date Sampled: 10/08/98 :
Date Received: 10/09/98

Date Reported: 10/21/1998

| ECKENFELDER SAMPLE NUMBER

I
I
I | M.BLANK | MW-12 |
] CLIENT SAMPLE DESCRIPTION | ] |
I | I I
. [ERERR |-mmmmmeees !
| VOLATILE ORGANICS | | [ | |
| BY USEPA METHOD 8260 | MDL | EQL | CONC | conc |
[ -mmm e f-mmmmmenees [-mmmeeees |
| Acetone ] s.0 | 50 | U | u |
| Benzene | 1.0 | 10 | U | u |
| Bromodichloromethane | 1.0 | 10 | U | U |
| Bromoform | 1.0 | 10 | u | U |
| Bromomethane | 2.0 | 20 | u | U |
| 2-Butanone | 10 | 100 | u | u |
| Carbon disulfide | 1.0 | 10 | u | U |
| Carbon tetrachloride | 1.0 | 10 | u | U |
| Chlorobenzene ] 1.0 | 120 | u | u |
| Chloroethane | 2.0 | 20 | u | u |
| Chloroform | 1.0 | 10 | u ] u |
| Chloromethane | 2.0 | 20 | U | u |
| Dibromochloromethane | 1.0 | 10 | u | u |
| 1,1-Dichloroethane | 1.0 | 10 | U | U |
| 1,2-Dichloroethane | 1.0 | 10 | u | U |
| 1,1-Dichloroethene | 1.0 | 20 | u | U |
| cis-1,2-Dichloroethene | 1.0 | 10 | u | 190 |
|  trans-1,2-Dichloroethene | 1.0 | 10 | U ] U |
| 1,2-Dichloropropane | 1.0 | 10 | U | u |
| cis-1,3-Dichloropropene | 1.0 | 10 | U ] u ]
| trans-1,3-Dichloropropene | 1.0 | 10 | U | u |
| Ethylbenzene | 1.0 | 10 | u | u |
| 2-Hexanone | 2.0 | 20 | u | u |
| Methylene chloride | 1.0 | 10 | u | u |
| 4-Methyl-2-pentanone | 2.0 | 20 | u | u |
| Styrene | 1.0 | 10 | u | u |
| 1,1,2,2-Tetrachloroethane | 1.0 | 10 | U | u ]
| Tetrachloroethene | 1.0 | 10 | u | u |
| Toluene | 1.0 | 10 | U | u |
| 1,1,1-Trichloroethane | 1.0 | 10 | U | u |
| 1,1,2-Trichloroethane | 1.0 | 10 | u | U |
| Trichloroethene | 1.0 | 10 | U | 22 |
| Vinyl chloride | 2.0 | 20 | u | u |
| Xylene (total) | 1.0 | 10 | u | u |
| |

ALL COMPOUNDS EXPRESSED IN MICROGRAMS/LITER UNLESS OTHERWISE NOTED.

SEE ATTACHED PAGE FOR DEFINITIONS OF TERMS AND QUALIFIERS.

D. RICK DAVIS
VICE PRESIDENT/ANALYTICAL & THOELNEanSgRECES
Nashville, Tennessee 37228
615.255.2288
FAX 615.256.8332
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MDL:

EQL:

ANALYTICAL REPORT TERMS AND QUALIFIERS (ORGANIC)

The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with
99% confidence that the analyte concentration is greater than zero. The
MDL is determined from analysis of a sample containing the analyte in a
given matrix.

The estimated quantitation limit (EQL) is defined as the estimated
concentration above which quantitative results can be obtained with a
specific degree of confidence. ECKENFELDER INC. defines the EQL to
be ten times the MDL.

The presence of a "U" indicates that the analyte was analyzed for but
was not detected or the concentration of the analyte quantitated below
the MDL.

The presence of a "B" to the right of an analytical value indicates that
this compound was also detected in the method blank and the data
should be interpreted with caution. One should consider the possibility
that the correct sample result might be less than the reported result and,
perhaps, zero.

When a sample (or sample extract) is rerun diluted because one of the
compound concentrations exceeded the highest concentration range for
the standard curve, all of the values obtained in the dilution run will be
flagged with a "D".

The concentration for any compound found which exceeds the highest
concentration level on the standard curve for that compound will be
flagged with an "E". Usually the sample will be rerun at a dilution to
quantitate the flagged compound.

The presence of a "J" to the right of an analytical result indicates that the
reported result is estimated. The mass spectral data pass the
identification criteria showing that the compound is present, but the
calculated result is less than the EQL. One should feel confident that
the result is greater than zero and less than the EQL.

L:\REPORTS\ART&Q.DOC



ECKENFELDER INC.

CLIENT: Meritor #60380
DATE RECEIVED: 10/09/98
DATE REPORTED: 10/30/98

ECKENFELDER SAMPLE NUMBER

9810080-01

CLIENT SAMPLE DESCRIPTION/SAMPLING DATE MW-12
10/8/98
4:30:00 PM
REPORTING USEPA
ANALYTES LIMITS METHOD UNITS CONC
Chromium 5.0 6010B/200.7 Ha/L U
Chromium, Hexavalent 0.025 7196A mg/L U
Iron’ 100 6010B/200.7 | pg/L 180
Manganese 1.0 6010B/200.7 po/l 53
Alkalinity, Bicarbonate (as CaCO3) 1.0 2320B** mg/L 58
Alkalinity, Carbonate (as CaCO3) 1.0 2320B** mg/L U
Ammonia, Non-Distilled (as N) 0.10 350.3 mg/L U
Nitrate+ Nitrite (as N) 0.10 353.2 mg/L 1.8
Phosphorus, Total (as P) 0.020 365.2 mg/L 0.15
Sulfate 1.0 9038 mg/L 23
TKN 0.20 351.2 mg/L U
Volatile Fatty Acids (9) 2.0 5660C** mg/L 4.8
SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS
ECKENFELDER INC.,
/P A
For
D. RICK DAVIS
VICE PRESIDENT/ANALYTICAL & TESTING SERVICES
227 French Landing Drive
Nashville, Tennessee 37228
615.255.2288

FAX 615.256.8332
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ANALYTICAL REPORT NOTES, TERMS AND QUALIFIERS (INORGANIC)

Notes:

The metals and cyanide reporting limits (RLs) have been statistically determined to be no
less than 3 standard deviations as defined in 40 CFR 136, Appendix B, Revision 1.11. All
other reporting limits are referenced from the specific analytical method.

Terms:

NA Not Applicable

NR Not Requested

8) Below Reporting Limits
Qualifiers:

B The reported value is less than the practical quantitation limit (PQL, project
defined) but greater than or equal to the RL.

E The reported value is estimated due to the presence of matrix interference.

N Predigested spike recovery not within control limits.

A Post digestion spike recovery not within control limits.

* RPD or absolute difference for Duplicate analysis not within control limits.

% Reference Standard Methods 17th edition.

(1 pH analyzed outside USEPA specified holding time. pH must be measured
immediately after sample collection.

(2) The sample pH did not meet the preservation guidelines. Therefore the pH was
adjusted upon receipt.

(3) The sample had to be diluted because of matrix interferences.

4) Reference Standard Methods 17th edition for the distillation method.

(5) The sample was analyzed out of the USEPA holding time.

(6) The sample was received in the laboratory out of the USEPA holding time.

(7 The shipping cooler temperature exceeded 6°C upon receipt to ECKENFELDER
INC.

(8) When the concentration of the analyte is below the detection limit, the detection
limit must be divided by the %Solids (in decimal form) in order to obtain the
sample's true detection limit on a dry weight basis.

9 Analysis was subcontracted

LAKEPORTS\ART&QINZ.DOC
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CLIENT: Meritor # 60380.000

N,

ECKENFELDER INC.

DATE SAMPLED: 10/6/98
DATE RECEIVED: 10/7/98

DATE REPORTED: 10/14/98

ECKENFELDER SAMPLE NUMBER| 9810048-05 | 9810048-06 | 9810048-07 | 9810048-08

CLIENT SAMPLE DESCRIPTION MW-14 MW-2 MW-5 MW-10
*
ANALYTES DETECTION
LIMITS CONC CONC CONC CONC
Methane 3.0 <3.0 1000 5.0 <3.0
Ethylene 1.0 <1.0 410 <1.0 <1.0
Ethane 1.0 <1.0 10 1.2 <1.0

ALL RESULTS EXPRESSED IN MICROGRAMS/LITER
UNLESS OTHERWISE NOTED.

SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS.

*= ANALYSIS WAS SUBCONTRACTED.

615.255.2288
FAX 615.256.8332

227 French Landing Drive
Nashville, Tennessee 37228
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CLIENT: Meritor # 60380.000

ECKENFELDER INC.®

DATE SAMPLED: 10/6/98, 10/8/98

DATE RECEIVED: 10/7/98, 10/9/98

DATE REPORTED: 10/14/98

ECKENFELDER SAMPLE NUMBER| 9810048-09 | 9810048-11

9810048-13 | 9810080-01

CLIENT SAMPLE DESCRIPTION MW-17 EB-1 MW-5 MW-12
* Dupe
ANALYTES DETECTION
LIMITS CONC CONC CONC CONC
Methane 3.0 43 <3.0 6.4 <3.0
Ethylene 1.0 1.9 <1.0 <1.0 <1.0
Ethane 1.0 1.9 <1.0 1.2 <1.0

ALL RESULTS EXPRESSED IN MICROGRAMS/LITER
UNLESS OTHERWISE NOTED.

SEE ATTACHED PAGE FOR DEFINITION OF TERMS AND QUALIFIERS.

*= ANALYSIS WAS SUBCONTRACTED.

ECKENFELDER INC.

D. RICK DAVIS
VICE PRESIDENT/ANALYTICAL & TESTING SERVICES
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GROUNDWATER SAMPLING

ET
ECKENFELDER FIELD DATA _SHE
INC. LOCATION No.__ /70— |

SAMPLE No.

PROJECT: Merifor 52!92@554] S ng oate: L0-O -98 Tiug_ /25O
CLIENT: ﬁ&ni_@@g@_% /s WEATHER couomons:ﬁ@;r
K28

JOB Ho: _ 6O RBD.00I AIR TEMPERATURE:

PERSONNEL: NiA R ide
WeELL DATA:
CASING, DIAMETER:_ o2 Dg;‘,",’tﬁss D stest @ pve D TEFLOM DOTHER:______
- . " STAINLESS GALV. s
INTAKE, DIAMETER:__o2 O e SiteL. R(Pvc D TEFLON O OPEN ROCK
STATIC WATER LEVEL: /2.6 BOTTOM DEPTH: _[6.S
DATUN.:(D TOP OF PROT. CASING JX TOP OF WELL CASING O OTHER:
WELL CLEAN TO BOTTOM 7 [§ YES D NO  WELL IN GOOD CONDITION X ves O wo.
VOLUME OF WATER IN WELL: O F sel '

PURGING DATA:
IMETHOC: D BLADDEIR Pump X PERISTALTIC PUMP [ salLer [ Sus. PUMP (0 OTHER:

DO TEFLON O TCrLow

MATERIALS: GUMD/ BAILER: D STaweess sTeeL QUBIS/ ROPE: B itiow o

" Romnerilggon gomrxi__‘ljf-___
PUMPING RATE: < O.3gpw.  ELAPSED TIME:___ VOLUME PUMPED:__Ze l ol
WAS WELL EVACUATED? D v=s NZ #0  NUMBZR OF WELL YOLUMES PURGED: 3
TIME SERIES DATA: weLL voLumzs __|[ 2 3

: TEMP _— T T
oK <9 40 _“+O

SPZC  COND. 20  LBso 4O

PURGING EOUIPMENT: M pzpickTzd ([ PRIPARED OFF-SITE () FIELD CLEANZD

SANMPLING DATA:
MEZTHOD: [ SLADDZR PUMP [J FIZRISTALTIC PUMP X BAILER (0 OTHER:

E,’-rn.ow D) TeFLow
T T L TEECL - ” POLYPROPYLENZ
MATERIALS: PUMP/EAILERY B e ; TUSING /EOED> %

OTHER® OTMER S __

SAMPLING EOUIPNMENT:" ﬂ&o-o:cm’sa O PRIPARID OFF-SITE [0 FIZLD CLEZANZD
METALS SAMPLE FIELD FILTERED ? D vis M no weTHOD: AUR

PHYSICAL & CHEMICAL DATA:
APPZARANCE: [ cLesr O Tureld [ COLOR:
D) CONTAINS NAMISCIZLE  LICUID ) COTHEIR:
FiZLD DETEZRMINATIONS: Tzwmp:__ pt 20 €PEC. COND: EFLO

I CZRTIFY THAT THIS SAMPLE WAS COLLECTZD AND HANDLED IN ACCORDANCE WITH
APPLICABLE RZIGULATORY AKND CORPORATE ' PROTOCOLS

SIGNATURZ DL =




GROUNDWATER SAMPLING

ECKENFELDER FIELD DATA .SHEET
INC. LOCATION No._ /70— ZX

SAMPLE No.

PROJECT: Her({oz— 52,92@5&-!,_[ ;E g[.‘% . DATE: /0-& "78 TIKE:
CLIENT: ﬁanlo_r&_tg@m& /s WEATHER CONDITIONS:

403 Ho: éOgBD_O D’ AIR TEMPERATURE:
PERSONNEL: S L0 rams /P. éu:a()nr, :

Lefl net smgle&/ Lo HO

WELL DATA:
2 ,
CASING, DIAMETER: __ o2 D STAELESS O stesL ﬂ pvc O TEFLON [ OTHER:
- -~ 71 . I
IN :AKE., DIAMETER: ol Dg’;‘;_'gtﬁss O GsérLs\éL \@Q’\’C O TEFLON [J OPEN ROCK
STATIC WATZR LEVEL: BOTTOW, DEPTH: /Il

DATUM:D TOP OF PROT. CASING X[ TOP OF WELL CASING O OTHER:
WELL CLEAN TO BOTTOM 7 [ YEs D NO YELL IN GOOD CONDITION )&Yas 0O wo. "

VOLUME OF WATER v weLL: Ak H, O

PURGING DATA: -

METHOD: O BLADDEIR Puwmp k[ PEZRISTALTIC PUMP [ 2alLer [ sus. PUMP (O OTHER:

D TEFLOK O Tcriox
MATERIALS: GUMD/ BAILER: O STamiess stee s/ ROPE: B Lo
. ﬂ.omss@zd__ = on(sx:_ED_PE-___
PUMPING RA7TLC: N ELAPSED TIME:__~—  VOLUIME PUMPLD: e
WAS WZLL EQ’ACUATED? Dyss DO ro NUIMSER OF WELL VOLUMES PURGED: _———
TIME SERIZES DATA: WELL VOLUMES __ T —
TP I
pH B—
SFEC COND.
PURGING EOUIPMENT: & p=picaTED [J PRIPARED OFF-SITE [) FIELD CLEANED
SAMPLING DATA: ALt Sowpkd /o H,O
METHOD: [ SLADODZIR PUMP [J FERISTALTIC PUMP XEAILER (O OTHER:
WMATERIALS: PUMP/ %{:E.:n":::ss sTeCy TUSING /RGPE> 8 :E“-’-—‘E’?"‘;"'—‘"‘i
SRIALS: PUM 8 2 BiNe e s
SAMPLING EOUIPMENT:  [® pzDIic4TED ([ PRIPARID OFF-sITE [ FIELD CLEANZD
METALS SAMPLE FIELD FILTERED 7 D ¥&s ,}Z[No meTHOO L AUR
PHYSICAL & CHEMICAL DATA:
APPIARARCEZ: D cLExpr [ Tureld  [J COLOR:
L) CONTAINS NA4MISCIZLE LICUID ) OTEEIR:
FiZLD DETERMINATIONS: TEwme: pHui__ ——— sesc. coNSi__ T
I CZRTIFY THAT THIS SAMPLEZ WAS COLLECTED AND HANDLED IN ACCORDARCEZ WITH
APPLICABLE RZIGULATORY AHND CORPORATE PROTOCOLS

j0-6-98

SIGNATURZ DLATE




GROUNDWATER SAMPLING

ECKENFELDER FIELD DATA .SHEET
INC. LOCATION No._ /70— 23

SAMPLE No,

/135

PROJECT: Meritor 52,92@5514,.‘ Sougling oute: /0-G =98 miue:

CLIENT: Herc'(or/f?gw /s WEATHER CONDITIONS: ¢ foar
< 7T (-]

: 7O

JOB HMo: CO28D.00] AIR TEMPERATURE

PERSONNEL: S, (O rams //P. 6;&]600‘({/

WELL DATA:
7/ .
CASING, DIAMETER: o2 DIAWLESS 5 see & pvc D TEFLON D OTHERL

INTAKE, DIAMETER:__o2 " D SI4INLESS o GiLY. g pvc O TEFLON O OPEN ROCK
STATIC WATER LEVEL:__Z.8Z _BOTTOM DEPTH:_ZZ.5
DATUM:[D TOP OF PROT. CASING X[ TOP OF WELL CASING O OTHER: '

WELL CLEAN TO BOTTOM 7 ] YES D NO  WELL IN GOOD CONDITION JXves D wO.~
VOLUMEZ OF WATER 1N WELL:__Z. [ gal '

PURGING DATA: -

METHOC: O BLADDER Puwe X PERISTALTIC PUMP O BalLer D sus. PUMP O OTHER:

D TEFLOW O TCrFLOX
D POLYPROPYLEREL

MATERIALS: EUMD/ BAILER: B Slemwuess sweew JUBIRS/ ROPE: B 3iow L BPE

R otuenilegon R otnen: LOPE
PUMPING RATE: < 0.3 ELAPSED TIME: VOLUME PUMPED:_G. 3 o=l
WAS WELL EVACUATED? D v=s % KO NUIMSSR OF WEZLL VOLUMES PURGED: =
TIME SERIZS DATA: WELL VOLUMES ! Z 2.5 3
' TP : —
pH __@'_—Z' é.o 6:0 5?

SEZC COND. SsO 40 40 So°

PURGING EOUIPMENT: JX pzplckTED [ PRIPARED OFF-SITE [) FIELD CLZANED

SAMPLING DATA:
METHOD: [ SLADDER PUMP [J PEZRISTALTIC PUMP K EAILER (O OTHER:

%{T:FLDN O TrrLow
AT ) - by S \ LENE
MATERIALS: pukp /@Ry B freeess sree UG ETED B

. O ovRer: OTKER ¢ .
SAMPLING EOUIPKMENT: [® 0ZOICATED ([ PRIPARID OFF-SITZ [J FIELD CLZANED
MITALS SAWPLE FIELD FILTERED 7 D ves j&'\wo METHOD: AR

PHYSICAL & CHENICAL DATA:
APPZARANCE: D cLesxr [ Tured D coLoR:
O CONTAINS n4MISCIZLE LICUID ) CTHZIR:
FIZLD DITERMINATIONS: TEmsi_—— pum:_ 5.9 sezc. cono:_ S0

p

l C:.'.RTIFY THAT THIS SAMPLE WAS COLLECTZD AND HANDLED IN ACCORDANCZ Wi
APPLICABLE REGULATORY AND CORPORATE PROTOCOLS

SIGNATURZ




L |

GROUNDWATER SAMPLING
FECKENFELDER FIELD DATA _SH_E:ET
INC. LOCATION No.__- = RT-s
SAMPLE No.
PROJECT: Mevrilor 4| inln/.‘“j . oate: /0-G -98 Tiwg:__/OSO

CLIENT: ﬂ'gn‘for(k_mgg@ @".:ﬂedls /s WEATHER CONDITIONS: ?/800:"'

JO3 M 6ORID.0D] AIR TEMPERATURE:
104 .
PERSONNEL: S. w://(‘&MS //P. 6\.&30‘([/

WELL DATA:
/ 3
CASING, DIAMETER: o2 DIIAWLESS 1 greel X pve O TEFLON D OTHER

INTAKE, DIAMETER:_o2 D STAELESS o §T5TL X pvC (O TEFLON ) OPZN ROCK
STATIC WATER LEVEL: (3.0S BoTTOM DEPTH:_[9.C0
DATUM:(O TOP OF PROT. CASING [ TOP OF WELL CASING O OTHER:

WELL CLEAN TO BOTTOM 7 J¥ YEs D No  WELL IN GOOO CONDITION X ves D WO ¢
VOLUME OF WATER I WELL:___ /e 2 go\

PURGING DATA: -
METEOD: O BLADDEIR PumP M PERISTALTIC PUMP [ BalLER [D Sus. PUNMP O OTHER:

D TEFLO¥ 0 TCFLox '
MATERIALS: BUND/ BAILER: D Fra!-©s® STEE FUBINy / ROPE : éiEEEERZ;:;:
: OTHER? 2;30!1 ER:
PUMPING RATE: 40-3§P§ ELAPSED TIME: VOLUME PUMPED:__3.&
WAS WELL E&’ACUATED? O ves ﬂ\h‘o NUI4SER OF WELL VOLUMES PURGEZD: =
TIME SERIZS DATA: WELL VOLUWES [ - 3
: TZ WP L T
o 59 59 _5.9

SFZC COMND. @O 650 _ 650

PURGING EOUIPMENT: KDED'C"‘TED D PRI PARED OFF-SITE O FIZLD CLEANED

SANMPLING DATA:
FETHOD: [ SLADDZR PUMP O FEZRISTALTIC PUMP J BAILER [0 OTHER:

D verFLok

TEFLON
— . SLIRY TECY - - POLYPROPYLEKEZ
MATERIALS: PUNP/EAILER }é{ﬁ;;"‘*“‘ sTecL TUSING /OB \%,_,,.,Lo,\.

OTHER

SAMPLING EOUIPMENT: [ DEOICATEDO [ PRIPARID OFF-SITE () FIZLD CLEANZD
METALS SAMPLE FIELD FILTERED 7 D vis X wo meTHOD: AR

PHYSICAL & CHEMICAL DATA:
APPZARANCZ: D CLE&R 0O TurEID O COLDR:
3 CONTAINS WAMISCIZLE LICUID ) OTHEIR:

FiZLD DITEZRMINATIONS: TIMP: pri_ S spzc. cons:_6 T O

| CEZRTIFY THAT THIS SAMPLE WAS COLLECTED AND HANDLED IN ACCORDANCE WITH
APPLICABLE REZGULATORY AND CORPORATE PROTOCOLS
[o-6-98

SIGNATURZ D&JZ




GROUNDWATER SAMPLING
ECKENFELDER FIELD DATA SHEET

INC. LOCATION No._ /70— 4

SAMPLE No.

PROJECT: Mexitor 5;,92@,,_.5,54| Sewsling owte: /0-5 -98 Time:_(F- 45

CLIENT: ﬂgni_w /s WEATHER conoiTions: itk C(o-J s T Sber
87

JO8 Wo:  (0O38H.00I1 AIR TEMPERATURE:

PERSONNEL: AL R, Guids
WeLll DATA:
CASING, DIAMETER:_ o2 DSTANLESS o greel  {S pvc O TEFLOW D OTHER
INTAKE, DIAETER: o2 O STAELESS o S%e pvec [ TEFLOW D OPEIN ROCK
STATIC WATER LEVEL: /S.CO _BOTTOM DEPTH:__(27&
DATUM:[D TOP OF PROT. CASING JX TOP OF WELL CASING O OTHER:

WELL CLEAN TO BOTTOM 7 [ YZs D NO VELL IN GOOD CONDITION I&Yas O no. "

VOLUME OF WATER IN WELL:___O.F gal

PURGING DATA: -

WMETHEOC: O BLADDEIR PUMP M PEZRISTALTIC PUMP [ BalLEr [DJ SUS. PUMP D OTHER:
O TEFLOK D TrrLow

MATERIALS: UMD/ BAILER: D STAWLess STEEL @UsiNy/ ROPE: g TeoworTeEe
X otneri Jygon PX OTHER: LDPE
PUMPING RATE:_<0.3.p..  ELAPSED TIME: VOLUME PUMPED:_Z.doal
WAS WELL EVACUATED? D vss [ #0  NUMBER OF WELL VOLUMES PURGZD: 3.2
TIME SERIES DATA: weLL voruwss [ z 3 3.2
’ TP - . = o —

ok 5.7 58 58 Y|

SPEC COND. 86O 20 280 280
PURGING EOUIPMENT: X pspicATEZD [) PRIPARED OFF-SITE [) FISLD CLEANZD

SAMPLING DATA:
METHOD: [ SLADDSR PumP () FERISTALTIC PUMP JR BAILZR [ OTHER:

O TLFLoN

TCFLON {
- . 4y g TLINY TECy - . POLYPROPYLENEZ
WMATIRIALS: PUMP/ Q STLIKLESS $ c TUSING /ECPE> g rowxes

OTHER S _

O oTHER:
SANPLING EOUIPMENT: ﬁ&o-’orr: O PREPARZID OFF-SITE [J FIELD CLEANZD
HETALS SAMWPLE FI~LD FILTERED 7 O v&s ,}Z[No METHOD: /UIq*

PHYSICAL & CHEMICAL DATA
APPIZARANCE: D cLesr [ Tureid  [J COLOR:
D CONTAINS H4MISCIZLE  LICUID ) OTHIR:

FIZLD DITZIRMINATIONS: Tompi_——=  p#:_S5.9 sozc. conn:__ 780

| CERTIFY THAT THIS SAMPLE WAS COLLECTED AND HANDLED IN ACCORDANCE WIT:
APPLICKBLE RIGULATORY AND CORPORATZI PROTOCOLS

= |

SIGNATURZ




-

-

GROUNDWATER SAMPLING

ECKENFELDER FIELD DATA 'SHEET
INC. LOCATION No._ /70— 16

SAMPLE No.

PROJECT: Hen{o;- 52!#@&55'{ ! ;!5 Ql‘-.‘% . DATE: /0-{'98 TIME: /@ (s
T aboen

CLIENT: Mercfor C'&gg@ "_gzde;dn /s wEATHER conpiTions: Clee e/ beie®
8o°

Jo3 N 6038D.001 AIR TEMPERATURE:
o: .
PERSONNEL: S, w;//;w//p' éu_;donlj

WELL DATA:
CASING, DIAMETER:__ o2 -~ DITAWLESS o greel & pvc D TEFLON D OTHER:

- o, " ST4INLESS GALV. , c
INTAKE, DIAIETER: g O steecl D eveeL R Pve O TEFLON [J OPEZN ROCK
STATIC WAaTER LEVEL: _([.GZ  BoTTOM DEPTH: /(788

DATUM:D) TOP OF PROT. CASING JI TOP OF WELL CASING D OTHER:

WELL CLEAN TO BOTTOM 7 Jf Yés D NO  WELL IN GOOD CONDITION I ves D no.
VOLUME OF WATER IN WELL:__[O se

PURGING DATA:

METHOD: O 5LADDER pume [ PEZRISTALTIC PuMP O 2alter D sus. PUMP D OTHER;

O TEFLO¥ D TCFLow
MATERIALS: UMD/ BAILER: 5 STAMMLess sTEEL - @iy / mopz: B LGNS
" Romkenilggon B otner: LDPE
PUMPING RATE:_ <03 gpe ELAPSED TIME: VOLUME PUMPED:_3 gl
WAS WZLL .:\’ACUATED? D vzs &\NO NUMSSR OF WELL VOLUMES PURGED: =
TIME SERIES DATA: WELL VOLUMES | 2 3
TEWP — M —
pH sS.¢ s,/ s
SPIC COND. /420 /360 _ 1380
PURGING EOUIPMENT: J pEDIckTED [J PRIPARED OFF-SITE O FIZLD CLEANED
SANPLING DATA:
MEZTHOD: (O SLADDZIR PUMP [J FZRISTALTIC PUNP MEAlLEa (0 OTHER:
MATERIALS: PUMP s bR e /GED B, [etRorniens
HATERIALS: P/ GED G R -5 |
SAKPLING EOQUIPNMENT mo DICATZD (D PRIPARID OFF-SITZ (O FIZLD CLEANZD

HETALS SAMPLE 'FIELD FILTERED 7 D vis X no meTHOD:_AUR

PHEYSICAL & CHEMICAL DATA:
APPZARANCE: D cLisr (O Tureld & COLOR: Brown

) CONTAINS IMMISCIZLE LICUID ) OTHIR:
FIiZLD DITZRMINATIONS: TEM: prz_S, [ sezc. cons:_ (38D
| CZRTIFY THAT THIS SAMPLE WAS COLLECTED AND HANDLED IN ACCORDANCE WITH

TH
APPLICABLE REGULATORY AND CORPORATEZ PROTOCOLS

Jo-5-96

SIGNATURZ DLT =




GROUNDWATER SAMPLING

T
ECKENFELDER FIELD DATA .SHEE
INC. LOCATION No._ /7U— &

SAMPLE No.

PROJECT: Mevitor Sgluech| Sughe - oxte: /0-5 - 98  qime_ /63O
CLIENT: ﬁﬁni_w /s WEATHER cowon‘rnons:ﬂ_ea_é%/ broes T Hove
e’

JOB MHo: (O 2RD.0DI AIR TEMPERATURE:
PERSONWNEL: Nik R

-
9

WELL DATA:
CASING, DIAMETER:_ g2 7  DSTAWLESS o greel g pve D TEFLON O OTHER:

INTAKE, DIAMETER: 2" D STANMLESS o 83tV & pvc D TEFLON (D OPEN ROCK
STATIC WATER LEVEL:_ /[.S4 BOTTOM DEPTH:_ /8.6l '
DATUN.:D TOP OF PROT. CASING JX{ TOP OF WELL CASING O OTHER:

WELL CLEAN TO BOTTOM 7 ] YES O NO  WELL IN GOOD CONDITION X ves D nO.
VOLUME OF WATER IN WELL: [eZacl '

PURGING DATA:

METHOL: O BLADDEIR PumP M PSRISTALTIC PUMP ([ BAlLER [ sus. PUMP O OTHER:
b. TEFLONK D 7TCFLoN

TE * 5 - OLYPROPYLENE
h’.An:.RlALS'-/ BAILER: 8 STewnLEsS STEEL / ROPZ: 8 on

. ﬁ.o‘rxsxzz.égag B OTHER: LDPE
PUMPING RATE:__<0.2 jo, ELAPSED TIME: VOLUIE PUMPED: 3’.ézgz_L__

WAS WELL EVACUATED? D ¥Es J KO  NUMSZR OF WELL VOLUMES PURGED:_=3
TIME SERIZS DATA: weLL voLuwss ___| 2 3
: TEWP : —
o s9 s _s.9
SPIC COND. oo 570 570
PURGING EOUIPMENT: JX pspICsTED [ PRIPARED OFF-SITE [J) FIELD CLIANZD
SAMPLING DATA:
METHOD: O SLADDER PumP [J PERISTALTIC PUMP R BAILER [J OTHER:
MATERIALS: pUNp / \g;-;::l‘;g_"sss svers TUSING /EOEE> 8 :gz"r-ro:onu:wi
ATTRIALS: '/ Qe .. e B oTken
SAMPLING EOUIPMENT:" [R DIOICATIO () PRIPARED OFF -SITE [J FIZLD CLEANED
METALS SAMPLE FIELD FILTERED 7 O vzs M no meTHOD: AJR
PHYSICAL & CHEMICAL DATA:
APPEARANCE: D ctaz O Tureld  SZ-cOLOR:gny bleck
) CONTAINS DM4IISCIZLE  LICUID ) OTEIR:
FIZLD DETZRMINATIONS: Tampi_——  pu_ 5.9 sezc. cows:_S 70

TED AND HANDLED IN ACCORDANCE WITH

SROTOCOLS
(0-5-98

DATZ




GROUNDWATER SAMPLING
ECKENFELDER FIELD DATA SHEET

INC. LOCATION No._ /70— /="

SAMPLE No.

PROJECT: Meridor g,qz(gﬂs,gl] Seuplin onte: /0-5-98 Tiue: /83S

CLIENT: t&n}__wﬁ_%rﬁs WEATHER CONDITIONS: %dbw('-g bepef T Sfovi
- o)

AR TEMPERATURE:

JO3 HNo: 60280.001
PERSONNEL: S, b().’//.‘m //lé. éuiconlj

WELL DATA:

1Z7; B
CASING, DIAMETER: __od D STAINLESS o syeer D pve O TEFLON D OTHER:

INTAKE, DIAIETER: o Q STAINLESS o CaLV. [ pvc D TEFLON D OPEN ROCK
STATIC WATER LEVEL: /.08 BOTTOM DEPTH:_23.67

DATUN,:(D TOP OF PROT. CASING X TOP OF WELL CASING 0 OTHER:

WELL CLEAN TO BOTTOM 7 [¥ YES D NO  WELL IN GOOD CONDITION W ves O no.
VOLUME OF WATER IN WELL:___ [+ Z sal

PURGING DATA:

WMETHEOD: (O BLADDIR PUMP X PERISTALTIC PUMP [ BAILER [D SUES. PUMP O OTHER:

O TEFLOK D TCFLow

h’-ATERlALS‘-/ BAILER: 8 ii:lNLESS STEEL . / ROPE : B :o\‘._;;:xorn:wc

" X .oTHER: Z.égan B OTHER: LDPE
PUWPING RATE:__< 0. ELAPSED TIME: VOLUME PUNPE #Z
WAS WELL EVACUATED? D vzs & MO  NUMSIR OF WELL VOLUMES PURGED: 2.5
TIME SERIZS DATA: weLL voruwzs [ Z 3 3.5

' TP - e —
pH =.7 8 <S5 _Ss

SFZC COND. 2]/ 20 220 220

PURGING EOUIPMENT: )X ppickTED [0 PRIPARED OFF-SITE ([ FIZLD CLIANZD

SAMPLING DATA:

MZTHOD: [0 SLADDEZR PUMP ([J FERISTALTIC PUMP KEMLER {0 OTHER:

TEFLON o) TEFLoK
MATERIALS: Pukp/EXILER) g"‘“"’“” svecs TUSING /E0PD \%:D rvon T ErE
— d "YLON
8 ;:)‘i:z:_____ OTHER ® .
SAMPLING EOUIPMENT: [ 0E0ICATED [D PRIPARZD OFF -SITE [J FIELD CLIANZO

METALS SAMPLE FIZLD FILTERED 7 O ¥is X o meTHOD: AUR

PHYSICAL & CHEMICAL DATA:
APPZARANCE: [ cLear 0O TuREID (D coLOR:
) CONTAINS H4MISCI2LE LICUID i) OTHEIR:

FIZLD DITZRMINATIONS: TIwr: pi_ DS SPIC. COND:

OLLECTEZD AND HANDLED IN ACCORDARCE
2PORATZ PROTOCOLS

WITH

7V 7T SIGNATUAL —=




5 GROUNDWATER SAMPLING
) ECKENFELDER FIELD DATA SHEET
. INC. LOCATION No.__ D tO—4-
| SAMPLE No.
T proveeT: Merthor Sigluech| Sughy - o1e 0=5-98  mwe: (BY5
E o clienT: Mepsdor C&gg@ Grenads 1S WEATHER couolrlons:_c_/&g-_«f/ bric§ TStoce~
o
7 AIR TEMPERATURE: &3O
| JOB No: 6CO38D.001
| PERSONNEL: Nik R, Guids
T WELL DATA:
/ 3
_ CASING, DIAMETER: _ & DSTANWLESS o sreer D pve D TEFLON D OTHER:
= INTAKE, DIAMETER:_& O STAINLESS o GiLY. D pvc D TEFLON [ OPEN ROCK
" STATIC WATER LEVEL: /6.3% BOTTOM DEPTH: #7335~
i DATUN:O TOP OF PROT. CASING JX TOP OF WELL CASING O OTHER:
) WELL CLEAN TO BOTTOM 7 J¥{ YES D 'NO  WELL IN GOOD CONDITION X ves O nO.
VOLUME OF WATER N WELL:___RO.| :
.| PURGING DATA:
T METHOD: O BLADDER Pump [J PEZRISTALTIC PUMP [ BAILER }(su- pump O OT'-'fR
rr_‘: %TEFLO,\ D TCFLOX
L h’.ATERlALS:/ BAILER: ) i’\f':mx.zss STEEL . @/ ROPE: D :o\‘_-;r);norn:uc
I ‘. [0 .oTHERL & otner: LDPE
7| PUMPING RATE:_O.Fap~ ELAPSED TIME: S5 ain  VOLUME PUMPED (ol gel
'- WAS WELL EVACUATED? D vyzs [} ¥0  NUMBER OF WELL VOLUMES PURGED: =
l TIME SERIES DATA: weLL voLumss O / =3 <
| ' TP 23° 21 =20 Zo® -
—[ ph' 5;8 6-{ 6:‘ 6-{

SEEC COND. ¥ 30 4O 350 250

PURGING EOUIPMENT: JX DEDICATED [ PRIPARED OFF-SITE () FISLD CLEANZD

£

~
F—

SAMPLING DATA:
METHOD: O BSLADDZR PUMP [J FZRISTALTIC PUMP XBAILER (O OTHER:

TEFLON ) TLFLOW
MATERIALS: PUL’P/- gs.ua.:ss STECL TUB]NG/ O ﬁ?r-_?fwr'r-.zwz
' B tncr: RSt
SAMPLING EOQUIPWENT:  [® DEIDICATID ([ PRIPARID OFF-SITE [) FIELD CLEA =)
METALS SAMPLE FIELO FILTERED 7 D vis & no meTHOD: AR

PHYSICAL & CHEMWICAL DATA:
APPIARANCE: B cLesar DO Tureld  [J COLOR:
D) CONTAINS LaMISCIZLE LISUID [ OTHER: volfors Lot

FIZLD DETZRMINATIONS: TEup: 20" or:_ G, | eozc. cons:_3¢/0

i ——a

A —

' COLLECTED AND HANDLED IN ACCORDANCE WITH
SORATE PROTOCOLS
- /0-5-96 .
v SIGN&4TURZ D& =




OSWER Directive 9200.4-17

Chlorinated Solvents

Chlorinated solvents, such as trichloroethylene, represent another class
of common contaminants that may also biodegrade under certain
environmental conditions. Recent research has identified some of the
mechanisms potentially responsible for degrading these solvents, furthering
the development of methods for estimating biodegradation rates of these
chlorinated compounds. However, the hydrologic and geochemical conditions
favoring significant biodegradation of chlorinated solvents may not often
occur. Because of the nature and the distribution of these compounds, natural
attenuation may not be effective as a remedial option. If they are not
adquately addressed through removal or containment measures, source
materials can continue to contaminate groundwater for decades or even
centuries. Cleanup of solvent spills is also complicated by the fact that a
typical spill includes multiple contaminants, including some that are
essentially non-degradable(FOOTNOTE 5) . Extremely long dissolved
solvent plumes have been documented that may be due to the existence of
subsurface conditions that are not conducive to natural attenuation.

OSWER Directive 9200.4-17

Inorganics

Monitored natural attenuation may, under certain conditions (e.g. ,
through sorption or oxidation-reduction reactions), effectively reduce the
dissolved concentrations and/or toxic forms of inorganic contaminants in
groundwater and soil. Both metals and non-metals (including radionuclides)
may be attenuated by sorption(FOOTNOTE 6) reactions such as
precipitation, adsorption on the surfaces of soil minerals, absorption into the
matrix of soil minerals, or partitioning into organic matter. Oxidation-
reduction (redox) reactions can transform the valence states of some inorganic
contaminants to less soluble and thus less mobile forms (e.g. , hexavalent
uranium to tetravalent uranium) and/or to less toxic forms (e.g. , hexavalent
chromium to trivalent chromium). Sorption and redox reactions are the
dominant mechanisms responsible for the reduction of mobility, toxicity, or
bioavailability of inorganic contaminants. It is necessary to know what
specific mechanism (type of sorption or redox reaction) is responsible for the
attenuation of inorganics because some mechanisms are more desirable than
others. For example, precipitation reactions and absorption into a soil's solid
structure (e.g. , cesium into specific clay minerals) are generally stable,
whereas surface adsorption (e.g. , uranium on iron-oxide minerals) and
organic partitioning (complexation reactions) are more reversible.
Complexation of metals or radionuclides with carrier (chelating) agents
(e.g. , trivalent chromium with EDTA) may increase their concentrations in
water and thus enhance their mobility. Changes in a contaminant's
concentration, pH, redox potential, and chemical speciation may reduce a

http://www.epa.gov/OUST/directiv/9200_417.htm
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USE OF MONITORED NATURAL ATTENUATION AT SUPERFUND, RCRA CORR.. Page 8 of 28

contaminant's stability at a site and release it into the environment.
Determining the existence and demonstrating the irreversibility of these
mechanisms are key components of a sufficiently protective monitored
natural attenuation remedy.

In addition to sorption and redox reactions, radionuclides exhibit

radioactive decay and, for some, a parent-daughter radioactive decay series.
For example, the dominant attenuating mechanism of tritium (a radioactive
isotopic form of hydrogen with a short half-life) is radioactive decay rather
than sorption. Although tritium does not generate radioactive daughter
products, those generated by some radionulides (e.g. , Am-241 and Np-237
from Pu-241) may be more toxic, have longer half-lives, and/or be more

mobile than the parent in the decay series. It is critical that the near surface or

surface soil pathways be carefully evaluated and eliminated as potential
sources of radiation exposure.

Inorganic contaminants persist in the subsurface because, except for

radioactive decay, they are not degraded by the other natural attenuation
processes. Often, however, they may exist in forms that are less mobile, not
bioavailable, and/or non-toxic. Therefore, natural attenuation of inorganic
contaminants is most applicable to sites where immobilization or radioactive
decay is demonstrated to be in effect and the process/mechanism is
irreversible.

OSWER Directive 9200.4-17

Advantages and Disadvantages of Monitored Natural Attenuation

Monitored natural attenuation has several potential advantages and

disadvantages, and its use should be carefully considered during site
characterization and evaluation of remediation alternatives. Potential
advantages of monitored natural attenuation include:

As with any in situ process, generation of lesser volume of
remediation wastes, reduced potential for cross-media transfer of
contaminants commonly associated with ex situ treatment, and
reduced risk of human exposure to contaminated media;

Less intrusion as few surface structures are required;

Potential for application to all or part of a given site, depending on site
conditions and cleanup objectives;

Use in conjunction with, or as a follow-up to, other (active) remedial
measures; and

Lower overall remediation costs than those associated with active
remediation.

The potential disadvantages of monitored natural attenuation include:

http://www.epa.gov/OUST/directiv/9200_417.htm

1/3/99



e Longer time frames may be required to achieve remediation objectives,
compared to active remediation;

o Site characterization may be more complex and costly;

o Toxicity of transformation products may exceed that of the parent
compound;

¢ Long term monitoring will generally be necessary;

o Institutional controls may be necessary to ensure long term
protectiveness;

e Potential exists for continued contamination migration, and/or cross-
media transfer of contaminants; :

¢ Hydrologic and geochemical conditions amenable to natural
attenuation are likely to change over time and could result in renewed
mobility of previously stabilized contaminants, adversely impacting
remedial effectiveness; and

 More extensive education and outreach efforts may be required in order
to gain public acceptance of monitored natural attenuation.

OSWER Directive 9200.4-17
IMPLEMENTATION

The use of monitored natural attenuation is not new in OSWER
programs. For example, in the Superfund program, selection of natural
attenuation as an element in a site's groundwater remedy goes as far back as
1985. Use of monitored natural attenuation in OSWER programs has
continued since that time, slowly increasing with greater program experience
and scientific understanding of the processes involved. Recent advances in
the scientific understanding of the processes contributing to natural
attenuation have resulted in a heightened interest in this approach as a
potential means of achieving soil and groundwater cleanup objectives.
However, complete reliance on monitored natural attenuation is appropriate
only in a limited set of circumstances at contaminated sites. The sections
which follow seek to clarify OSWER program policies regarding the use of
monitored natural attenuation. Topics addressed include site characterization;
the types of sites where monitored natural attenuation may be appropriate;
reasonable remediation time frames; the importance of source control;
performance monitoring; and contingency remedies where monitored natural

attenuation will be employed.

OSWER Directive 9200.4-17

http://www.epa.gov/OUST/directiv/9200_417.htm

USE OF MONITORED NATURAL ATTENUATION AT SUPERFUND, RCRA CORR.. Page 9 of 28
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(|

Role of Monitored Natural Attenuation in OSWER Remediation Programs

Under OSWER programs, remedies selected for contaminated media
(such as contaminated soil and groundwater) must protect human health and
the environment. Remedies may achieve this level of protection using a
variety of methods, including treatment, containment, engineering controls,
and other means identified during the remedy selection process.

The regulatory and policy frameworks for corrective actions under the
UST, RCRA, and Superfund programs have been established to implement
their respective statutory mandates and to promote the selection of technically
defensible, nationally consistent, and cost effective solutions for the cleanup
of contaminated media. EPA recognizes that monitored natural attenuation
may be an appropriate remediation option for contaminated soil and
groundwater under certain circumstances. However, determining the
appropriate mix of remediation methods at a given site, including when and
how to use monitored natural attenuation, can be a complex process.
Therefore, monitored natural attenuation should be carefully evaluated along
with other viable remedial approaches or technologies (including innovative
technologies) within the applicable remedy selection framework. Monitored
natural attenuation should not be considered a default or presumptive
remedy at any contaminated site.

Each OSWER program has developed regulations and policies to
address the particular types of contaminants and facilities within its purview
(FOOTNOTE 7) . Although there are differences among these programs, they
share several key principles that should generally be considered during
selection of remedial measures, including:

e Source control actions should use treatment to address "principal
threat" wastes (or products) wherever practicable, and engineering
controls such as containment for waste (or products) that pose a
relatively low long-term threat, or where treatment is
impracticable. (FOOTNOTE 8)

o Contaminated groundwaters should be returned to "their beneficial uses
(FOOTNOTE 9) wherever practicable, within a time frame that is
reasonable given the particular circumstances of the site." When
restoration of groundwater is not practicable, EPA "expects to prevent
further migration of the plume, prevent exposure to the contaminated
groundwater, and evaluate further risk reduction" (which may be
appropriate).(FOOTNOTE 10)

 Contaminated soil should be remediated to achieve an acceptable level
of risk to human and environ- mental receptors, and to prevent any
transfer of contaminants to other media (e.g. , surface or groundwater,
air, sediments) that would result in an unacceptable risk or exceed
required cleanup levels.

Consideration or selection of monitored natural attenuation as a remedy
or remedy component does not in any way change or displace these (or other)
remedy selection principles. Nor does use of monitored natural attenuation
diminish EPA's or the regulated party's responsibility to achieve
protectiveness or to satisfy long-term site cleanup objectives. Monitored
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natural attenuation is an appropriate remediation method only where its
use will be protective of human health and the environment and it will be
capable of achieving site-specific remediation objectives within a time
frame that is reasonable compared to other alternatives. The effectiveness
of monitored natural attenuation in both near-term and long-term time frames
should be demonstrated to EPA (or other regulatory authority) through: 1)
sound technical analysis which provides confidence in natural attenuation's
ability to achieve remediation objectives; 2) performance monitoring; and 3)
backup or contingency remedies where appropriate. In summary, use of
monitored natural attenuation does not imply that EPA or the
responsible parties are "walking away' from the cleanup or financial
responsibility obligations at a site.

It also should be emphasized that the selection of monitored natural
attenuation as a remedy does not imply that active remediation measures are
infeasible, or are "technically impracticable." Technical impracticability (TT)
determinations, which EPA makes based on the inability to achieve required
cleanup levels using available remedial technologies and approaches, are used
to justify a change in the remediation objectives at Superfund and RCRA sites
(USEPA, 1993a). A TI determination does not imply that there will be no
active remediation at the site, nor that monitored natural attenuation will be
used at the site. Rather, a TI determination simply indicates that the cleanup
levels and objectives which would otherwise be required cannot practicably
be attained within a reasonable time frame using available remediation
technologies. In such cases, an alternative cleanup strategy that is fully
protective of human health and the environment must be identified. Such an
alternative strategy may still include engineered remediation components,
such as containment for an area contaminated with dense non-aqueous phase
liquids (DNAPL), in addition to approaches intended to restore to beneficial
uses the portion of the plume with dissolved contaminants. Several remedial
approaches could be appropriate to address the dissolved plume, one of which
could be monitored natural attenuation under suitable conditions. However,
the evaluation of natural attenuation processes and the decision to rely upon
monitored natural attenuation for the dissolved plume should be distinct from
the recognition that restoration of a portion of the plume is technically
impracticable (i.e. , monitored natural attenuation should not be viewed as a
direct or presumptive outcome of a technical impracticability determination.)

OSWER Directive 9200.4-17

Demonstrating the Efficacy of Natural Attenuation through Site
Characterization

Decisions to employ monitored natural attenuation as a remedy or
remedy component should be thoroughly and adequately supported with
site-specific characterization data and analysis. In general, the level of site
characterization necessary to support a comprehensive evaluation of natural
attenuation is more detailed than that needed to support active remediation.
Site characterizations for natural attenuation generally warrant a quantitative
understanding of source mass; groundwater flow; contaminant phase
distribution and partitioning between soil, groundwater, and soil gas; rates of
biological and non-biological transformation; and an understanding of how
all of these factors are likely to vary with time. This information is generally
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necessary since contaminant behavior is governed by dynamic processes
which must be well understood before natural attenuation can be
appropriately applied at a site. Demonstrating the efficacy of this remediation
approach likely will require analytical or numerical simulation of complex
attenuation processes. Such analyses, which are critical to demonstrate natural
attenuation's ability to meet remedial action objectives, generally require a
detailed conceptual site model as a foundation(FOOTNOTE 11).

Site characterization should include collecting data to define (in three
spatial dimensions over time) the nature and distribution of contamination
sources as well as the extent of the groundwater plume and its potential
impacts on receptors. However, where monitored natural attenuation will be
considered as a remedial approach, certain aspects of site characterization
may require more detail or additional elements. For example, to assess the
contributions of sorption, dilution, and dispersion to natural attenuation of
contaminated groundwater, a very detailed understanding of aquifer
hydraulics, recharge and discharge areas and volumes, and chemical
properties is required. Where biodegradation will be assessed,
characterization also should include evaluation of the nutrients and electron
donors and acceptors present in the groundwater, the concentrations of co-
metabolites and metabolic by-products, and perhaps specific analyses to
identify the microbial populations present. The findings of these, and any
other analyses pertinent to characterizing natural attenuation processes,
should be incorporated into the conceptual model of contaminant fate and
transport developed for the site.

Monitored natural attenuation may not be appropriate as a remedial
option at many sites for technological or economic reasons. For example, in
some complex geologic systems, technological limitations may preclude
adequate monitoring of a natural attenuation remedy to ensure with a high
degree of certainty that potential receptors will not be impacted. This
situation typically occurs in many karstic, structured, and/or fractured rock
aquifers where groundwater moves preferentially through discrete channels
(e.g. , solution channels, foliations, fractures, joints). The direction of
groundwater flow through such heterogeneous (and often anisotropic)
materials can not be predicted directly from the hydraulic gradient, and
existing techniques may not be capable of identifying the channels that carry
contaminated groundwater through the subsurface. Monitored natural
attenuation will not generally be appropriate where site complexities preclude
adequate monitoring. Although in some situations it may be technically
feasible to monitor the progress of natural attenuation, the cost of site
characterization and long-term monitoring required for the implementation of
monitored natural attenuation is high compared to the cost of other remedial
alternatives. Under such circumstances, natural attenuation would not
necessarily be the low-cost alternative.

A related consideration for site characterization is how other remedial
activities at the site could affect natural attenuation. For example, the capping
of contaminated soil could alter both the type of contaminants leached to
groundwater, as well as their rate of transport and degradation. Therefore, the
impacts of any ongoing or proposed remedial actions should be factored into
the analysis of natural attenuation's effectiveness. When considering source
containment/treatment together with natural attenuation of chlorinated
solvents, the potential for cutting off sources of organic carbon (which are
critical to biodegradation of the solvents) should be carefully evaluated.
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Once the site characterization data have been collected and a
conceptual model developed, the next step is to evaluate the efficacy of
monitored natural attenuation as a remedial approach. Three types of site-
specific information or "evidence" should be used in such an evaluation:

1. Historical groundwater and/or soil chemistry data that demonstrate a
clear and meaningful trend(FOOTNOTE 12) of decreasing contaminant
mass and/or concentration over time at appropriate monitoring or
sampling points. (In the case of a groundwater plume, decreasing
concentrations should not be solely the result of plume migration. In
the case of inorganic contaminants, the primary attenuating mechanism
should also be understood.);

2. Hydrogeologic and geochemical data that can be used to demonstrate
indirectly the type(s) of natural attenuation processes active at the site,
and the rate at which such processes will reduce contaminant
concentrations to required levels. For example, characterization data
may be used to quantify the rates of contaminant sorption, dilution, or
volatilization, or to demonstrate and quantify the rates of biological
degradation processes occurring at the site;

3. Data from field or microcosm studies (conducted in or with actual
contaminated site media) which directly demonstrate the occurrence of
a particular natural attenuation process at the site and its ability to
degrade the contaminants of concern (typically used to demonstrate
biological degradation processes only).

Unless EPA or the implementing state agency determines that
historical data (Number 1 above) are of sufficient quality and duration to
support a decision to use monitored natural attenuation, EPA expects
that data characterizing the nature and rates of natural attenuation
processes at the site (Number 2 above) should be provided. Where the
latter are also inadequate or inconclusive, data from microcosm studies
(Number 3 above) may also be necessary. In general, more supporting
information may be required to demonstrate the efficacy of monitored natural
attenuation at those sites with contaminants which do not readily degrade
through biological processes (e.g. , most non-petroleum compounds,
inorganics), at sites with contaminants that transform into more toxic and/or
mobile forms than the parent contaminant, or at sites where monitoring has
been performed for a relatively short period of time. The amount and type of
information needed for such a demonstration will depend upon a number of
site-specific factors, such as the size and nature of the contamination problem,
the proximity of receptors and the potential risk to those receptors, and other
physical characteristics of the environmental setting (e.g. , hydrogeology,
ground cover, or climatic conditions).

Note that those parties responsible for site characterization and
remediation should ensure that all data and analyses needed to demonstrate
the efficacy of monitored natural attenuation are collected and evaluated by
capable technical specialists with expertise in the relevant sciences. Further,
EPA expects that the results will be provided in a timely manner to EPA or to
the state implementing agency for evaluation and approval.
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OSWER Directive 9200.4-17

Sites Where Monitored Natural Attenuation May Be Appropriate

Monitored natural attenuation is appropriate as a remedial approach
only where it can be demonstrated capable of achieving a site's remedial
objectives within a time frame that is reasonable compared to that offered by
other methods and where it meets the applicable remedy selection criteria for
the particular OSWER program. EPA expects that monitored natural
attenuation will be most appropriate when used in conjunction with active
remediation measures (e.g. , source control), or as a follow-up to active
remediation measures that have already been implemented.

In determining whether monitored natural attenuation is an appropriate
remedy for soil or groundwater at given site, EPA or other regulatory
authorities should consider the following:

e Whether the contaminants present in soil or groundwater can be
effectively remediated by natural attenuation processes;

e Whether the resulting transformation products present a greater risk
than do the parent contaminants;

e The nature and distribution of sources of contamination and whether
these sources have been or can be adequately controlled;

e Whether the plume is relatively stable or is still migrating and the
potential for environmental conditions to change over time; -

» The impact of existing and proposed active remediation measures upon
the monitored natural attenuation component of the remedy;

e Whether drinking water supplies, other groundwaters, surface waters,
ecosystems, sediments, air, or other environmental resources could be
adversely impacted as a consequence of selecting monitored natural
attenuation as the remediation option;

e Whether the estimated time frame of remediation is reasonable (see
below) compared to time frames required for other more active
methods (including the anticipated effectiveness of various remedial
approaches on different portions of the contaminated soil and/or
groundwater);

¢ Current and projected demand for the affected aquifer over the time
period that the remedy will remain in effect (including the availability
of other water supplies and the loss of availability of other groundwater
resources due to contamination from other sources); and

o Whether reliable site-specific vehicles for implementing institutional
controls (i.e. , zoning ordinances) are available, and if an institution
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responsible for their monitoring and enforcement can be identified.

For example, evaluation of a given site may determine that, once the
source area and higher concentration portions of the plume are effectively
contained or remediated, lower concentration portions of the plume could
achieve cleanup standards within a few decades through monitored natural
attenuation, if this time frame is comparable to those of the more aggressive
methods evaluated for this site. Also, monitored natural attenuation would
more likely be appropriate if the plume is not expanding, nor threatening
downgradient wells or surface water bodies, and where ample potable water
supplies are available. The remedy for this site could include source control, a
pump-and-treat system to mitigate only the highly- contaminated plume
areas, and monitored natural attenuation in the lower concentration portions
of the plume. In combination, these methods would maximize groundwater
restored to beneficial use in a time frame consistent with future demand on
the aquifer, while utilizing natural attenuation processes to reduce the reliance
on active remediation methods (and reduce cost).

Of the above factors, the most important considerations regarding the
suitability of monitored natural attenuation as a remedy include whether the
groundwater contaminant plume is growing, stable, or shrinking, and any
risks posed to human and environmental receptors by the contamination.
Monitored natural attenuation should not be used where such an
approach would result in significant contaminant migration or
unacceptable impacts to receptors. Therefore, sites where the contaminant
plumes are no longer increasing in size, or are shrinking in size, would be the
most appropriate candidates for monitored natural attenuation remedies.

OSWER Directive 9200.4-17

Reasonableness of Remediation Time Frame

The longer remediation time frames typically associated with
monitored natural attenuation should be compatible with site-specific land
and groundwater use scenarios. Remediation time frames generally should be
estimated for all remedy alternatives undergoing detailed analysis, including
monitored natural attenuation(FOOTNOTE 13) . Decisions regarding the
"reasonableness" of the remediation time frame for any given remedy
alternative should then be evaluated on a site-specific basis. While it is
expected that monitored natural attenuation may require somewhat longer to
achieve remediation objectives than would active remediation, the overall
remediation time frame for a remedy which relies in whole or in part on
monitored natural attenuation should not be excessive compared to the other
remedies considered. Furthermore, subsurface conditions and plume stability
can change over the extended timeframes that are necessary for monitored
natural attenuation.

Defining a reasonable time frame is a complex and site-specific
decision. Factors that should be considered when evaluating the length of
time appropriate for remediation include:

e Classification of the affected resource (e.g. , drinking water source,
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agricultural water source) and value of the resourceFOOTNOTE 14) ;

o Relative time frame in which the affected portions of the aquifer might
be needed for future water supply (including the availability of
alternate supplies);

o Uncertainties regarding the mass of contaminants in the subsurface
and predictive analyses (e.g. , remediation time frame, timing of
future demand, and travel time for contaminants to reach points of
exposure appropriate for the site);

o Reliability of monitoring and of institutional controls over long time
periods;

e Public acceptance of the extended time for remediation; and

e Provisions by the responsible party for adequate funding of monitoring
and performance evaluation over the period required for remediation.

Finally, individual states may provide information and guidance
relevant to many of the factors discussed above as part of a Comprehensive
State Groundwater Protection Program (CSGWPP). (See USEPA, 1992a)
Where a CSGWPP has been developed, it should be consulted for
groundwater resource classification and other information relevant to
determining required cleanup levels and the urgency of the need for the
groundwater. Also, EPA remediation programs generally should defer to state
determinations of current and future groundwater uses, when based on an
EPA-endorsed CSGWPP that has provisions for site-specific decisions
(USEPA, 1997b).

Thus, EPA or other regulatory authorities should consider a number of
factors when evaluating reasonable time frames for monitored natural
attenuation at a given site. These factors, on the whole, should allow the
regulatory agency to determine whether a natural attenuation remedy
(including institutional controls where applicable) will fully protect potential
human and environmental receptors, and whether the site remediation
objectives and the time needed to meet them are consistent with the
regulatory expectation that contaminated groundwaters will be returned to
beneficial uses within a reasonable time frame. When these conditions cannot
be met using monitored natural attenuation, a remedial alternative that does
meet these expectations should be selected instead.

OSWER Directive 9200.4-17

Remediation of Contamination Sources and Highly Contaminated Areas

The need for control measures for contamination sources and other
highly contaminated areas should be evaluated as part of the remedy decision
process at all sites, particularly where monitored natural attenuation is under
consideration as the remedy or as a remedy component. Source control
measures include removal, treatment, or containment measures (e.g. ,
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physical or hydraulic control of areas of the plume in which NAPLs are
present in the subsurface). EPA prefers remedial options which remove or
treat contaminant sources when such options are technically feasible.

Contaminant sources which are not adequately addressed complicate
the long-term cleanup effort. For example, following free product recovery,
residual contamination from a petroleum fuel spill may continue to leach
significant quantities of contaminants into the groundwater. Such a lingering
source can unacceptably extend the time necessary to reach remedial
objectives. This leaching can occur even while contaminants are being
naturally attenuated in other parts of the plume. If the rate of attenuation is
lower than the rate of replenishment of contaminants to the groundwater, the
plume can continue to expand and threaten downgradient receptors.

Control of source materials is the most effective means of ensuring the
timely attainment of remediation objectives. EPA, therefore, expects that
source control measures will be evaluated for all contaminated sites and that
source control measures will be taken at most sites where practicable.

OSWER Directive 9200.4-17

Performance Monitoring

Performance monitoring to evaluate remedy effectiveness and to ensure
protection of human health and the environment is a critical element of all
response actions. Performance monitoring is of even greater importance for
monitored natural attenuation than for other types of remedies due to the
longer remediation time frames, potential for ongoing contaminant migration,
and other uncertainties associated with using monitored natural attenuation.
This emphasis is underscored by EPA's reference to "monitored natural
attenuation".

The monitoring program developed for each site should specify the
location, frequency, and type of samples and measurements necessary to
evaluate remedy performance as well as define the anticipated performance
objectives of the remedy. In addition, all monitoring programs should be
designed to accomplish the following:

¢ Demonstrate that natural attenuation is occurring according to
expectations;

o Identify any potentially toxic transformation products resulting from
biodegradation;

e Determine if a plume is expanding (either downgradient, laterally or
vertically);

e Ensure no impact to downgradient receptors;

o Detect new releases of contaminants to the environment that could
impact the effectiveness of the natural attenuation remedy;
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e Demonstrate the efficacy of institutional controls that were put in place
to protect potential receptors;

o Detect changes in environmental conditions (e.g. , hydrogeologic,
geochemical, microbiological, or other changes) that may reduce the
efficacy of any of the natural attenuation processes(FOOTNOTE 15) ;
and

o Verify attainment of cleanup objectives.

Performance monitoring should continue as long as contamination
remains above required cleanup levels. Typically, monitoring is continued
for a specified period (e.g. , one to three years) after cleanup levels have
been achieved to ensure that concentration levels are stable and remain below
target levels. The institutional and financial mechanisms for maintaining the
monitoring program should be clearly established in the remedy decision or
other site documents, as appropriate.

Details of the monitoring program should be provided to EPA or the
State implementing agency as part of any proposed monitored natural
attenuation remedy. Further information on the types of data useful for’
monitoring natural attenuation performance can be found in the ORD
publications (e.g. , USEPA, 1997a, USEPA, 1994a) listed in the "References
Cited" section of this Directive. Also, USEPA (1994b) published a detailed
document on collection and evaluation of performance monitoring data for
pump-and-treat remediation systems.

OSWER Directive 9200.4-17

Contingency Remedies

A contingency remedy is a cleanup technology or approach specified in
the site remedy decision document that functions as a "backup" remedy in the
event that the "selected" remedy fails to perform as anticipated. A
contingency remedy may specify a technology (or technologies) that is (are)
different from the selected remedy, or it may simply call for modification and
enhancement of the selected technology, if needed. Contingency remedies
should generally be flexible allowing for the incorporation of new
information about site risks and technologies.

Contingency remedies are not new to OSWER programs. Contingency .
remedies should be employed where the selected technology is not proven for
the specific site application, where there is significant uncertainty regarding
the nature and extent of contamination at the time the remedy is selected, or
where there is uncertainty regarding whether a proven technology will
perform as anticipated under the particular circumstances of the site.

It is also recommended that one or more criteria ("triggers") be
established, as appropriate, in the remedy decision document that will signal
unacceptable performance of the selected remedy and indicate when to
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implement contingency measures. Such criteria might include the following:

o Contaminant concentrations in soil or groundwater at specified
locations exhibit an increasing trend;

¢ Near-source wells exhibit large concentration increases indicative of a
new or renewed release;

o Contaminants are identified in sentry/sentinel wells located outside of
the original plume boundary, indicating renewed contaminant
migration;

o Contaminant concentrations are not decreasing at a sufficiently rapid
rate to meet the remediation objectives; and

¢ Changes in land and/or groundwater use will adversely affect the
protectiveness of the monitored natural attenuation remedy.

In establishing triggers or contingency remedies, however, care is
needed to ensure that sampling variability or seasonal fluctuations do not set
off a trigger inappropriately. For example, an anomalous spike in dissolved
concentration(s) at a well(s), which may set off a trigger, might not be a true
indication of a change in trend.

EPA recommends that remedies employing monitored natural
attenuation be evaluated to determine the need for including one or more
contingency measures that would be capable of achieving remediation
objectives. EPA believes that a contingency measure may be particularly
appropriate for a monitored natural attenuation remedy which has been
selected based primarily on predictive analysis (second and third lines of
evidence discussed previously) as compared to natural attenuation remedies
based on historical trends of actual monitoring data (first line of evidence).

OSWER Directive 9200.4-17
SUMMARY

The use of monitored natural attenuation does not signify a change in
OSWER's remediation objectives; monitored natural attenuation should be
selected only where it will be fully protective of human health and the
environment. EPA does not view monitored natural attenuation to be a "no
action" remedy, but rather considers it to be a means of addressing
contamination under a limited set of site circumstances where its use meets
the applicable statutory and regulatory requirements. Monitored natural
attenuation is not a "presumptive" or "default" remediation alternative, but
rather should be evaluated and compared to other viable remediation methods
(including innovative technologies) during the study phases leading to the
selection of a remedy. The decision to implement monitored natural
attenuation should include a comprehensive site characterization, risk
assessment where appropriate, and measures to control sources. Also,
monitored natural attenuation should not be used where such an approach
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would result in significant contaminant migration or unacceptable impacts to
receptors and other environmental resources. In addition, the progress of
natural attenuation towards a site's remediation objectives should be carefully
monitored and compared with expectations to ensure that it will meet site
remediation objectives within a time frame that is reasonable compared to
time frames associated with other methods. Where monitored natural
attenuation's ability to meet these expectations is uncertain and based
predominantly on predictive analyses, decision-makers should incorporate
contingency measures into the remedy.

EPA is confident that monitored natural attenuation will be, at many
sites, a reasonable and protective component of a broader remedial strategy.
However, EPA believes that there will be many other sites where
uncertainties too great or a need for a more rapid remediation will preclude
the use of monitored natural attenuation as a stand-alone remedy. This
Directive should help promote consistency in how monitored natural
attenuation remedies are proposed, evaluated, and approved.

OSWER Directive 9200.4-17
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Office of Research and Development, R.S. Kerr Environmental Research
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http://www.epa.gov/OUST/cat/natatt.htm
Office of Underground Storage Tanks, information on natural attenuation

http://www.epa.gov/swerffrr/chlorine.htm
Federal Facilities Restoration and Reuse Office, fact sheet on natural
attenuation of chlorinated solvents

http://www.epa.gov/swerffrr/petrol.htm
Federal Facilities Restoration and Reuse Office, Fact sheet on natural
attenuation of petroleum contaminated sites

http://www.epa.gov/epaoswer/hazwaste/ca/sub122-1 .txt
Office of Solid Waste, information on RCRA Subpart S

http://www.epa.gov/swerosps/bf/
Office of Outreach Programs, Special Projects, and Initiatives, information on
Brownfields

Other Internet Web Sites |,

EFES] 1t1p.//clu-in.com
Technology Innovation Office, information on hazardous site cleanups

OSWER Directive 9200.4-17
FOOTNOTES

I Environmental resources to be protected include groundwater, drinking
water supplies, surface waters, ecosystems and other media (air, soil and
sediments) that could be impacted from site contamination. (Return to text)

2 In this Directive, remediation objectives are the overall objectives that
remedial actions are intended to accomplish and are not the same as
chemical-specific cleanup levels. Remediation objectives could include
preventing exposure to contaminants, minimizing further migration of
contaminants from source areas, minimizing further migration of the
groundwater contaminant plume, reducing contamination in soil or
groundwater to specified cleanup levels appropriate for current or potential
future uses, or other objectives. (Return to text)

3 The term "transformation products” in the Directive includes biotically and
abiotically formed products described above (e.g. , TCE, DCE, vinyl
chloride), decay chain daughter products from radioactive decay, and
inorganic elements that become methylated compounds (e.g. , methyl
mercury) in soil and sediment. (Return to text)

4 The term "institutional controls" refers to non-engineering measures
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usually, but not always, legal controls intended to affect human activities in
such a way as to prevent or reduce exposure to hazardous substances.
Examples of institutional controls cited in the National Contingency Plan
(USEPA, 19903, p.8706) include land and resource (e.g. , water) use and
deed restrictions, well-drilling prohibitions, building permits, well use
advisories, and deed notices. (Return to text)

3 For example, 1,4-dioxane, which is used as a stabilizer for some chlorinated
solvents, is more highly toxic, less likely to sorb to aquifer solids, and less
biodegradable than are other solvents under the same environmental

conditions. (Return to text)

SWhen a contaminant is associated with a solid phase, it is usually not known
if the contaminant is precipitated as a three-dimensional molecular coating on
the surface of the solid, adsorbed onto the surface of the solid, absorbed into
the structure of the solid, or partitioned into organic matter. "Sorption" will be
used in this Directive to describe, in a generic sense (i.e. , without regard to
the precise mechanism) the partitioning of aqueous phase constituents to a

solid phase. (Return to text)

7Existing program guidance and policy regarding monitored natural
attenuation can be obtained from the following sources: For Superfund, see
"Guidance on Remedial Actions for Contaminated Groundwater at Superfund
Sites," (USEPA, 1988a; pp. 5-7 and 5-8); the Preamble to the 1990 National
Contingency Plan (USEPA, 1990a, pp.8733-34); and "Presumptive Response
Strategy and Ex-Situ Treatment Technologies for Contaminated Ground
Water at CERCLA Sites, Final Guidance" (USEPA, 1996a; p. 18). For the
RCRA program, see the Subpart S Proposed Rule (USEPA, 1990b, pp.30825
and 30829), and the Advance Notice of Proposed Rulemaking (USEPA,
1996b, pp.19451-52). For the UST program, refer to Chapter IX in "How to
Evaluate Alternative Cleanup Technologies for Underground Storage Tank
Sites: A Guide for Corrective Action Plan Reviewers;" (USEPA, 1995a).
eturn to text

8Principal threat wastes are those source materials (e.g. ,non-aqueous phase
liquids [NAPLY], saturated soils) that are highly toxic or highly mobile that
generally cannot be reliably contained (USEPA, 1991). Low level threat
wastes are source materials that can be reliably contained or that would pose
only a low risk in the event of exposure. Contaminated groundwater is neither
a principal nor a low-level threat waste. (Return to text)

Beneficial uses of groundwater could include uses for which water quality
standards have been promulgated, such as a drinking water supply, or as a
source of recharge to surface water, or other uses. These or other types of
beneficial uses may be identified as part of a Comprehensive State
Groundwater Protection Program (CSGWPP). For more information on
CSGWPPs, see USEPA, 1992a and USEPA, 1997b, or contact your state

implementing agency. (Return to text)

0Thisisa general expectation for remedy selection in the Superfund
program, as stated in the National Contingency Plan (USEPA, 1990a,
§300.430 (a)(1)(iii)(F)). The NCP Preamble also specifies that cleanup levels
appropriate for the expected beneficial use (e.g. , MCLs for drinking water)
"should generally be attained throughout the contaminated plume, or at and
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beyond the edge of the waste management area when waste is left in place."

£ (Return to text)

Ha conceptual site model is a three-dimensional representation that conveys
M what is known or suspected about contamination sources, release
mechanisms, and the transport and fate of those contaminants. The conceptual
model provides the basis for assessing potential remedial technologies at the
- site. "Conceptual site model" is not synonymous with "computer model;"
however, a computer model may be helpful for understanding and visualizing
- current site conditions or for predictive simulations of potential future
conditions. Computer models, which simulate site processes mathematically,
. should in turn be based upon sound conceptual site models to provide
L meaningful information. Computer models typically require a lot of data, and
. the quality of the output from computer models is directly related to the
7 quality of the input data. Because of the complexity of natural systems,
models necessarily rely on simplifying assumptions that may or may not
accurately represent the dynamics of the natural system. Calibration and
- sensitivity analyses are important steps in appropriate use of models. Even so,
the results of computer models should be carefully interpreted and
= continuously verified with adequate field data. Numerous EPA references on
models are listed in the "Additional References" section at the end of this

ﬁ;; Directive. (Return to text)

2por guidance on the statistical analysis of environmental data, please see
USEPA, 1989 and USEPA, 1992b, listed in the "References Cited" section at
i the end of this Directive. (Return to text)

13EpA recognizes that predictions of remediation time frames may involve
L significant uncertainty; however, such predictions are very useful when
comparing two or more remedy alternatives. (Return to text)

_ 410 determining whether an extended remediation time frame may be
appropriate for the site, EPA and other regulatory authorities should consider

i state groundwater resource classifications, priorities and/or valuations where
available, in addition to relevant federal guidelines. (Return to text)

BDetection of changes will depend on the proper siting and construction of
monitoring wells/points. Although the siting of monitoring wells is a concern
for any remediation technology, it is of even greater concern with monitored
- natural attenuation because of the lack of engineering controls to control

' contaminant migration. (Return to text)

L [ Information on OSWER Directive 9200.4-17 |
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